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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to an apparatus for optoelectrically detecting floating particles in ambience 
by using a laser beam, and in particular, relates to such an optoelectrical particle detection apparatus which 
can be advantageously used to detect floating particles in a closed ambience such as a clean room for the 
production of semi-conductors, and a vacuum chamber for the formation of a thin film by, for example, a va- 
cuum evaporation process, a sputtering process and a chemical vapor deposition process. 

(2) Description of the Related Arts 

An optoelectrical particle detection apparatus is well known, as disclosed in, for example, US Patent No. 
4,655,592 and No. 4,422,761 . US Patent No. 4,655,592 is directed to an apparatus for optoelectrically detecting 
particles on a surface of a substrate, wherein a light emitted from a light source is focused on the substrate 
surface as a small spot through an optical system, and wherein a light detector such as a photomultiplier tube 
for receiving a light scattered from the small light spot due to a presence of a particle therewithin is provided. 
US Patent No. 4,422,761 is directed to an apparatus for optoelectrically detecting floating particles in air, 
wherein a light emitted from a light source is focused on an inspection point through an optical system, an air 
flow including particles to be detected being continuously passed through the inspection point, and wherein a 
light detector such as a photomultiplier tube for receiving a light deflected or scattered from the inspection point 
due to the presence of particles included in the air flow is provided. 

As apparent from the foregoing, in an optoelectrical particle detection apparatus of the types disclosed in 
US Patents No. 4,655,592 and No. 4,422,761, the zone in which the presence of particles can be detected is 
very restricted, and thus it is impossible or very difficult to effectively detect the presence of particles over a 
large area. In addition, the apparatus of US Patent No. 4,655,592 can not be adapted for the detection of par- 
ticles in a vacuum chamber for the formation of a thin film element, as mentioned above, because it is impos- 
sible to use a medium such as an air flow entraining the particles passing the inspection point. 

Unexamined Japanese Patent Publication No. 61-240645 discloses an optoelectrical particle detection ap- 
paratus wherein a scanning laser beam is used to widen a zone in which the presence of particles can be de- 
tected, and wherein a TV camera is provided for receiving light scattered from the scanning beam due to the 
presence of particles in the scanning zone. In a detection apparatus of this type, however, since particles to 
be detected have a higher velocity, the particle detection probability becomes lower, and may be equivalent 
to that of detecting particles by using a non-scanning or single static laser beam. Namely, when particles to 
be detected have a very high velocity, it is meaningless to widen the detection zone by using a scanning beam. 

Also well known is an optoelectrical particle detection apparatus wherein a strong laser beam is used to 
detect particles, with a high sensitivity. In this apparatus, which is commercially available, a strong laser beam 
between resonance mirrors of a laser generator is used for particle detection. In a detection of this type, how- 
ever, the zone for detection of particles is also very restricted due to use of the single laser beam, and the 
application of this type of particle detection is limited because the detection zone must be provided in the laser 
generator. 

Unexamined Japanese Patent Publication No. 61-243345 discloses another particle detection apparatus 
wherein a strong laser beam is used for the detection. In this apparatus, a laser generator is provided with an 
outside second resonator in which an output mirror of the laser generator is utilized as one of the resonance 
mirrors, and thus a strong laser beam obtained in the second resonator is used for the particle detection. Nev- 
ertheless, this apparatus suffers from the same defects as the strong laser beam detection apparatus men- 
tioned above. 

In another well known optoelectrical particle detection apparatus including a pair of parallel plane reflectors 
(see EP-A-0 231 542), a semiconductor laser beam is multi-reflected to form a laser beam curtain of the multi- 
reflected beam segments as a zone in which floating particles can be detected, whereby the floating particles 
can be detected over a wide area with a high probability by scattered sensing light due to the presence of par- 
ticles in the laser beam curtain. A detection apparatus of this type is commercially available from High Vield 
Technology Inc. of the United States of America. 

In this detection apparatus, since it Is very difficult to multi-reflect the laser beam at a very close pitch, it 
is substantially impossible to obtain a laser beam curtain having a uniform light intensity. Accordingly, although 
the presence of particles is detected in the laser beam curtain, the size of the detected particles cannot be 
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determined because the intensity of the scattered light from the same size of particle differs in accordance 
with the location of the particle in the laser beam curtain, due to the nonuniform light intensity thereof. 

In the multi-reflection type apparatus as mentioned above, the parallel plane reflectors must be precisely 
positioned with respect to each other to obtain an accurate parallel relationship therebetween before the laser 
5 beam curtain can be formed between the plane reflectors, but this positioning of the parallel plane reflectors 
is very complex and difficult because at least one of the plane reflectors must be angularly adjusted around 
two axes perpendicular to each other. 

DE-A-1 547 360 discloses a multiple-reflection optical apparatus including concave and convex reflectors 
with respective concave and convex reflecting surfaces, spaced from each other by a predetermined distance 
10 to form a reflection space therebetween, the reflectors being arranged such that a parallel incident light beam 
is multi-reflected in the reflection space. 

According to a first aspect of the present invention, there is provided an optoeiectrical particle detection 
apparatus comprising:- 

concave and convex reflectors having concave and convex reflecting surfaces, respectively, and 
is spaced from each other by a predetermined distance to form a reflection space therebetween; 

a laser source for emitting a laser beam and introducing the laser beam from a side of said reflection 
space thereinto to be multireflected to form a laser beam curtain between said concave and convex reflectors; 

said concave and convex reflectors and said laser source being arranged such that a pitch of the laser 
beam segments multireflected in said reflection space to form the laser curtain between said concave and 
20 convex reflectors becomes very close in such a manner that the multireflected beam segments are overlapped 
with respect to each other, to enhance a light intensity thereof; 

adjustment means for adjusting a relative position between said concave and convex reflectors in two 
directions perpendicular to each other and to a common optical axis of said concave and convex reflectors, 
whereby the arrangement of said concave and convex reflectors and said laser source for obtaining the re- 
25 quired laser beam curtain can be easily made without an angular adjustment of said concave and convex re- 
flectors; and 

detection means for detecting light scattered due to a presence of particles in the laser beam curtain 
between said concave and convex reflectors, whereby the presence of particles can be detected with a high 
probability and a high sensitivity. 
30 According to a second aspect of the present invention, there is provided an optoeiectrical particle detection 
apparatus comprising:- 

concave and convex reflectors having concave and convex reflecting surfaces, respectively, and 
spaced from each other by a predetermined distance to form a reflection space therebetween, the reflecting 
surface of said concave reflector having a spherical concave reflecting surface zone and a plane reflecting 

35 surface zone smoothly continuing therefrom, the reflecting surface of said convex reflector having a spherical 
convex reflecting surface zone and a plane reflecting surface zone smoothly continuing therefrom; 

a laser source for emitting a laser beam and introducing the laser beam into said reflection space 
through the spherical concave and convex reflecting surface zones of said concave and convex reflectors to 
be multi-reflected to form a laser beam curtain therebetween; 

40 said concave and convex reflectors and said laser source being arranged so that a pitch of the laser 

beam segments multireflected to form the laser beam curtain between the spherical concave and convex re- 
flecting surface zones of said concave and convex reflectors becomes very close, and so that the very close 
pitch of the laser beam segments multi-reflected to form the laser beam curtain between the plane reflecting 
surface zones of said concave and convex reflectors is uniformly maintained, whereby the laser beam curtain 

45 formed by the laser beam segments multi-reflected between the plane reflecting surface zones of said concave 
and convex reflectors has a substantially uniform distribution of light intensity; 

adjustment means for adjusting a relative position between said concave and convex reflectors in two 
directions perpendicular to each other and to a common optical axis of said concave and convex reflectors, 
whereby the arrangement of said concave and convex reflectors and said laser source for obtaining the re- 

so quired laser beam curtain can be easily made without an angular adjustment of said concave and convex re- 
flectors; and 

detection means for detecting light scattered due to a presence of particles in the portion of said laser 
beam curtain between the plane reflecting surface zones of said concave and convex reflectors, whereby not 
only can the presence of particles be detected, but also the size of the detected particles can be measured. 
55 Thus, an embodiment of the present invention can provide an optoeiectrical particle detection apparatus 
wherein a laser beam is multi-reflected by a combination of concave and convex reflectors to form a laser beam 
curtain of multi-reflected beam segments as a zone in which floating particles can be detected, wherein the 
concave and convex reflectors are arranged in such a manner that the laser beam can be multi-reflected at a 
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much closer (i.e. very close) pitch, to thus obtain a laser beam curtain in which the multi-reflected beam seg- 
ments are overlapped with respect to each other so that a light intensity thereof is enhanced, whereby the pres- 
ence of particles can be detected in the laser beam curtain with a high probability and a high sensitivity. 

Another embodiment of the present invention can provide such an apparatus in which the concave and 
5 convex reflectors are arranged in such a manner that the laser beam can be multi-reflected at a very close 
and uniform pitch, to thus obtain a laser beam curtain in which the multi-reflected beam segments are over- 
lapped with respect to each other so that a light intensity thereof is uniformly enhanced, whereby not oniy can 
the presence of particles be detected in the laser beam curtain with a high probability and a high sensitivity, 
but also the size of the detected particles can be determined. 
w In the apparatus of the present invention, the relative position between the concave and convex reflectors 
can be easily adjusted so that the multi-reflection of a laser beam as defined above occurs between the con- 
cave and convex reflectors. 

In the optoelectrical particle detection apparatus, the laser beam is preferably introduced between the con- 
cave and convex reflectors so as to be substantially in parallel with an optical axis thereof. The laser beam 
is may be multi-reflected between the concave and convex reflectors and then emitted from the space there- 
between at a side opposite to the side having the space through which the laser beam Is introduced. The laser 
beam may be also multi-reflected between the concave and convex reflectors at the side of the space there- 
between through which the laser beam is introduced, and then emitted from the same side. 

The laser source preferably comprises a semiconductor laser device in which an interference of the over- 
20 lapped multi-reflected beam segments is eliminated. A relatively narrow band of the laser beam curtain, a light 
intensity of which is relatively uniform, is selected as a detection zone, whereby not only can the presence of 
particles be detected, but also the size of the detected particles can be measured. 

In the optoelectrical particie detection apparatus, the concave and convex reflectors preferably have sphe- 
rical concave and convex reflecting surfaces, respectively. 
25 A means is provided for adjusting a relative position between the concave and convex reflectors in two 
directions perpendicular to each other and to the optical axis thereof, whereby the arrangement of the concave 
and convex reflectors and the laser source for obtaining the laser beam curtain concerned can be easily carried 
out without any angular adjustment of the concave and convex reflectors. 

In the optoelectrical particle detection apparatus according to the present invention, the detection means 
30 preferably includes an optical f i Iter by which noise is eliminated from the light detected by the detection means. 

The optoelectrical particle detection apparatus as mentioned above may be advantageously used to detect 
floating particles in a vacuum chamber for a thin-film forming process, as defined in accompanying claims 6, 
12, and 16. 

Reference is made, by way of example, to the accompanying drawings, in which:- 
35 Fig. 1 is a schematic view showing an arrangement of concave and convex reflectors for explaining the 
principle of the present invention; 

Fig. 2 is a schematic view showing an arrangement of the concave and convex reflectors for explaining 
ideal requirements for causing multi-reflection of a laser beam according to the present invention; 
Figs. 3A and 3B are views showing an arrangement of the concave and convex reflectors for explaining 
40 an optical adjustment of their relative position, Fig. 3B being a perspective view thereof; 

Figs. 4A to 4C are perspective views showing that the multi-reflected beam segments behave distinctively 
during the adjustment of Figs. 3A and 3B; 

Figs. 5Ato 5C are views showing simulations of the multi-reflection of a laser beam wherein the concave 
and convex reflectors and the laser source are arranged so that the ideal requirements for the multi-re- 
45 flection are met; 

Figs. 6Ato 6D are views showing simulations of the multi-reflection of a laser beam wherein the concave 
and convex reflectors and the laser source are arranged so that the ideal requirements for the multi-re- 
flection are not met, in one aspect; 

Figures 7A to 7E are views showing simulations of the multi-ref lection of laser beam wherein the concave 
so and convex reflectors and the laser source are arranged so that the ideal requirements for the multnre- 
f lection are not met, in another aspect; 

Figure 8 is an view showing that the laser beam strikes the concave reflector at an angle of deviation of 
±0.006°; 

Figures 9A to 9E are views showing simulations of the multi-reflection of laser beam wherein the concave 
55 and convex reflectors and the laser source are arranged so that the ideal requirements for the multi-re- 
flection are not met, in yet another aspect; 

Figures 1 0A to 1 0D are views showing simulations of the multi-reflection of a laser beam wherein the con- 
cave and convex reflectors and the laser source are arranged so that the ideal requirements for the multi- 
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reflection are not met, in yet a further aspect; 

Figure 11 is a schematic view showing an arrangement of the concave and convex reflectors wherein the 
radius of curvature of the convex reflector and the distance between the concave and convex reflectors 
are varied within a predetermined range; 

Figures 12Ato 12E are simulations of the multi-reflections of a laser beam obtained when the radius of 
curvature of the convex reflector and the distance between the concave and convex reflectors are varied 
within the predetermined range in Fig. 11 

Figures 13A is a schematic view showing an arrangement of the concave and convex reflectors which is 
actually constructed for measuring a distribution of light intensity of a laser beam curtain formed by the 
multi-reflected beam segments; 

Figures 13B is a schematic view showing an optical fiber probe for measuring a light intensity of the laser 
beam curtain; 

Figure 14 is a graph showing five characteristics each representing a distribution of light intensity of a He- 
Ne laser beam curtain measured in a case wherein the concave reflector was shifted in Fig. 13A within a 
predetermined range; 

Figures 15Ato 15F are simulations of the multi-reflection of the laser beam corresponding to the five char- 
acteristics of Fig. 14; 

Figures 16A to 16c are graphs showing a characteristic representing a distribution of light intensity of a 
semiconductor laser beam curtain (common coherence length of more than 10 m) wherein the concave 
reflector was shifted within a predetermined range; 

Figures 17A to 17C are graphs showing a characteristic representing a distribution of light intensity of a 
semiconductor laser beam curtain (coherence length of 1 mm) wherein the concave reflector was shifted 
within a predetermined range; 

Figures 18Aand 18B are graphs showing a waveform of a detected pulse deriving from light scattered due 
to a presence of particles in the He-Ne laser beam curtain; 

Figures 19Aand 19B are graphs showing a waveform of a detected pulse deriving from light scattered due 
to a presence of particles in the semiconductor laser beam curtain (common coherence length of more 
than 10 m); 

Figures 20Aand 20B are graphs showing a waveform of a detected pulse deriving from light scattered due 
to a presence of particles in the semiconductor laser beam curtain (coherence length of 1 mm); 
Figures 21 A to 21 E are graphs showing a characteristic representing a distribution of light intensity of a 
semiconductor laser beam curtain (wavelength of 780 nm) wherein the concave reflector was shifted within 
a predetermined range, the concave and convex reflector having the same radii of curvature; 
Figure 21 E is a graph showing a light intensity of the introduced laser beam prior to being reflected between 
the concave and convex reflectors; 

Figures 22A and 22B are graphs showing a distribution of voltages of detected pulses derived from sample 
particles of the same size, the sample particles being detected in the He-Ne laser beam curtain according 
to the present invention; 

Figure 23 is a longitudinal sectional view showing a light detector for measuring the distribution of Fiqs 
22Aand22B; 

Figures 24Aand 24B are graphs showing a distribution of voltages of detected pulses derived from sample 

particles of the same size, the sample particles being detected in the single He-Ne laser beam; 

Figure 25 is a graph showing a distribution of voltages of detected pulses derived from sample particles 

of the same size, the sample particles being detected in the sheet-like He-Ne laser beam; 

Figure 26 is a graph showing a distribution of voltages of detected pulses derived from sample particles 

of the same size, the sample particles being detected in the semiconductor laser beam curtain according 

to the present invention; 

Figure 27 is a graph showing a distribution of voltages of detected pulses derived from sample particles 
of the same size, the sample particles being detected in the sheet-like semiconductor laser beam; 
Figure 28 is a view showing an arrangement of partial concave and convex reflectors in which a laser beam 
curtain has a substantially uniform light intensity distribution; 

Figure 29 is a perspective view showing a particle detection apparatus according to the present invention; 
Figure 30 is a front view showing an optical assembly of the present invention; 
Figure 31 is a plane view of Fig. 30; 

Figure 32A is a front view showing a base plate and a mount base of the optical assembly shown in Fiq 
30; 

Figure 32B is a plane view of Fig. 32A; 

Figure 33A is a front view showing a first plate-like arm member and a first vertical plate member attached 
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thereto of the optical assembly shown in Fig. 30; 
Figure 33B is a plane view of Fig. 33A; 
Figure 33C is a side view of Fig. 33A; 

Figure 34A is a front view showing a second plate-like arm member and a second vertical plate member 
5 Integrally formed therewith of the optical assembly shown in Fig. 30; 

Figure 34B is a plane view of Fig. 34A; 

Figure 35A is a longitudinal sectional view of a detector head forming a part of a light detector device; 
Figure 35B is a longitudinal sectional view of a detector body forming a part of the iight detector device; 
Figure 35C is a longitudinal sectional view showing a portion of a metal tube for covering a bundle of optical 
10 fibers to connect the detector head and the detector body, the metal tube being sealingly passed through 
a wall defining a vacuum chamber; 

Figure 36A is a schematic cross sectional view showing a sputtering equipment into which the optoelec- 
trical particle detection apparatus is incorporated; 

Figures 36B and 36C are sputtering control routines for explaining an operation of the sputtering equipment 
15 of Fig. 36A; and 

Figure 37 is a schematic cross sectional view showing a vacuum evaporation equipment into which the 
optoelectrical particle detection apparatus is incorporated. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

In Figure 1, which shows the principle of the present invention, concave and convex reflectors 10 and 12 
having spherical or cylindrical shape reflecting surfaces are spaced apart so that a predetermined constant 
distance is maintained between the concave and convex reflecting surfaces thereof, in such a manner that 
the two centers of curvature thereof are aligned with each other on a common optical axis OA shown by a 
25 chain line. 

As shown in Fig. 1, a laser beam LB, which is emitted from a laser source (such as a semiconductor laser 
device disposed at a point A) in parallel with the optical axis OA, is introduced between the concave and convex 
reflectors 1 0 and 12 so that it is first reflected at a point B by the concave reflector 1 0 and is then reflected at 
a point C by the convex reflector 12. The laser beam reflected at the point C is again reflected at a point D by 

30 the concave reflector 1 0. Assuming that the concave and convex reflectors 1 0 and 1 2 can be arranged so that 
the introduced beam segment AB is in parallel with the second reflected beam segment CD, in theory the laser 
beam is permanently reflected between the concave and convex reflectors 10 and 12 in such a manner that 
the beam converges on the optical axis OA. This is because, when the beam segments reflected at each of 
the even number of reflections between the concave and convex reflectors 1 0 and 1 2 (namely, all of the beam 

35 segments reflected from the convex reflector 1 2 toward the concave reflector 1 0) are in parallel with the optical 
axis OA, the beam segments reflected at each of the odd number of reflections between the concave and con- 
vex reflectors 10 and 12 are advanced toward a mid point of a segment of the optical axis OA between the 
concave reflector 1 0 and the center O, thereof. Accordingly, the laser beam LB can be multi-reflected between 
the concave and convex reflectors 10 and 12 toward the optical axis OA in such a manner that a pitch of the 

ao multi-reflected beam segments gradually becomes closer toward the optical axis OA, thereby obtaining a laser 
beam curtain In which the multi-reflected beam segments are overlapped with respect to each other so that 
a light intensity thereof is greatly enhanced. 

The requirements for the multi-reflection of a laser beam as mentioned above will be explained below with 
reference to Figure 2. 

45 in Fig. 2, the concave and convex reflectors 10 and 12 have centers of curvature Oj and 0 2 , respectively, 
which are aligned with each other on the optical axis OA. Symbols R, and R 2 designate the radii of curvature 
of the concave and convex reflectors 10 and 12, which are equivalent to segments BOi and C0 2 of two chain 
lines passing through the points B and O, and the points C and Oj , respectively, as shown in Fig. 2. Symbols 
E and E' designate two points at which the segment BO t interest a perpendicular line drawn from the center 

so 0 2 and the point C thereto, respectively. Symbols a and s designate a distance between the centers of cur- 
vature O t and 0 2 and a distance measured between the concave and convex reflectors 10 and 12 along the 
optical axis OA, respectively. 

To establish the parallel relationship between the introduced beam segment AB and the second reflected 
beam segment CD, the radii R t and R 2 forming normal lines with respect to the points B and C must be in parallel 

55 to each other. Under these conditions, 

/ EO^ = / E'BC,E02 = E'C 
AEO,0 2 = AE'BC. 
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/. BC = 0^2 = a 

Where the center 0 2 is the origin of the rectangular coordinates, the original axis OA forms the abscissa thereof, 

and where Z ABO t = 9, the points B and C are represented as follows. 
B: (R t cose; RiSinG) 
C: (a+R 2 cos9; R2sin9) 

(BC) 2 = (RjCOsQ-fa+R^osO)) 2 + (R 1 sin9-R 2 sin0) ) 2 
= ((R^R^cosQ-a) 2 + (R 2 -R 2 ) 2 sin 2 0 
= ( R !- R 2 ) 2 - 2a(R 1 -R :? )cosO + a 2 

Since (BC) 2 = a 2 , the above formula is reformed as follows: 

(Ri - R2) 2 - 2a(R, - R^cosG = 0 
,\ a = (R 1 - R2)/2cos9 

Since the space between the concave and convex reflectors 10 and 12 is represented by the distance s, as 
defined above, 

s = R, - R 2 - a = (R1 - R2XI - 1/2cos9) .*. a/s = 1/(2cos9 - 1) 0 
Therefore, this formula 0 shows the requirements for the multi-reflection of a laser beam (Le. for establishing 
a parallel relationship between the introduced beam segment AB and the second reflected beam segment CD). 

If 9 = 0, a/s is approximately equal to 1 . Therefore, the formula 0 may be approximately represented as 
follows: 

a = s = (R 1 - R 2 )/2 ® 

Accordingly, when the angle 9 is very small, the formula ® can be substituted for the formula 0. For example, 
if 9 = 2°, the ratio of a to s is calculated from the formula 0 , as follows: 

a/s = 1.0012 

This ratio may be regarded as a/s = 1 because the difference of 0.12% is negligible. 

Therefore, under the conditions that the angle 9 is very small, and that the radius R, is larger than the 
radius R 2 (R, > RJ, the optical arrangement of the concave and convex reflectors 10 and 12 and the laser 
source (the point A) for obtaining a multi-reflection of the laser beam as mentioned above can be carried out 
by only two factors: to space the concave and convex reflectors 10 and 12 apart by the distance (R t - R 2 )/2 
so that the centers of curvature Oi and 0 2 thereof are aligned with each other on the optical axis OA; or to 
dispose the laser source (the point A) so that the laser beam is emitted therefrom to the concave reflector 10 
substantially in parallel with the optical axis OA. 

In the description mentioned above, although the laser beam is first reflected by the concave reflector, it 
may be first reflected by the convex reflector in such a manner that the laser beam strikes the point C in the 
direction of the segment BC. 

It is very difficult to mechanically and permanently fix the concave and convex reflectors 10 and 12 on a 
suitable frame (notshown in Figs. 1 and 2), and thus ensure the optical arrangement of the concave and convex 
reflectors 10 and 12 necessary for obtaining a multi-reflection of the laser beam concerned. For this reason, 
the concave and convex reflectors 10 and 12 must be mounted on the frame in such a manner that a relative 
optical positioning therebetween can be minutely adjusted to obtain the multi-reflection of the laser beam con- 
cerned. 

Where the concave and convex reflectors 10 and 12 have spherical concave and convex reflecting sur- 
faces, if the laser source (the point A) is previously positioned in place with respect to one of the concave and 
convex reflectors 10 and 12, it is possible to advantageously adjust the other reflector with respect to said one 
reflector without the need for a cumbersome angular adjustment of the other reflector to obtain the multi-re- 
flection of the laser beam concerned. With reference to Figures 3Aand 3B and Figures 4A to 4C, as examples, 
an optical adjustment of the concave and convex reflectors 10 and 12 will be explained in detail below: 

In Fig. 3A, the laser source (the point A) is positioned with respect to the concave reflector 10 so that the 
laser beam LB Is emitted from the laser source substantially in parallel with the optical axis OA defined by the 
concave reflector 10, whereas the convex reflector 12 is spaced from the concave reflector 10 by the distance 
(R r R£f2, but the center of curvature O z of the convex reflector 12 is offset from the center of curvature O, 
of the concave reflector 1 0, and thus the center O t is not on the optical axis OA. In the example shown in Fig. 
3A, the convex reflector 12 can be shifted in two directions X and Y (Fig. 3B), which are perpendicular to each 
other and to the beam segment AB f and accordingly the optical axis OA, whereby the convex reflector 12 can 
be adjusted so that the center O t is aligned with the center 0 2 on the optical axis OA. 
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To bring the center 0 2 into alignment with the center on the optical axis OA, the convex reflector 10 is 
shifted In the direction X so that the center 0 2 is positioned in a plane (shown by a hatched area in Fig. 3B) 
defined by the beam segment AB and the optical axis (the center 0 2 positioned In the plane is designated by 
a symbol (V in Fig. 3B), and then the convex reflector 10 is shifted in the direction Y so that the center 0 2 ' is 

5 positioned on the optical axis OA (the center 0 2 ' positioned on the optical axis OA is designated by a symbol 
0 2 " in Fig. 3B). This adjustment can be visually carried out as shown in Figs. 4Ato 4C. Particularly, when the 
center 0 2 is offset from the hatched area (Fig. 3B), the multi-reflected beam segments form a curved plane 
(Fig. 4A). When the center 0 2 is positioned at 0 2 ' in the hatched area, the multi-reflected beam segments form 
a vertical plane (Fig. 4B). When the center 0 2 is positioned at 0 2 ", so as to be brought into alignment with the 

10 centers 0 1 on the optical axis OA, the multi-reflected beam segments not only form a vertical plane, but also 
provide the desired laser beam curtain, as mentioned hereinbefore, having an enhanced light intensity in the 
zone around the optical axis OA. As apparent from Figs. 4Ato 4C, since the multi-reflected laser beam seg- 
ments behave distinctively when the center 0 2 is positioned at the singular point (0 2 \ 0 2 "), the center 0 2 can 
be easily aligned with the centers on the optical axis OA by a visual adjustment of the convex reflector 10. 

f5 Note, although the convex reflector 12 is adjusted in relation to the concave reflector 10 in the example 
shown in Figs. 3Aand 3B, the concave reflector 10 may be adjusted in relation to the convex reflector 12, and 
the laser source (the point A) positioned with respect to the convex reflector 12 so that the laser beam LB is 
emitted from the laser source substantially in parallel with the optical axis OA defined by the convex reflector 
12. 

20 Where the concave and convex reflectors have cylindrical concave and convex reflecting surfaces, an an- 
gular adjustment is involved in the relative optical positioning of the concave and convex reflectors to obtain 
the multi-reflection of a laser beam concerned, so that the longitudinal axes of the cylindrical surfaces, each 
of which perpendicularly intersects the generatix of the corresponding cylindrical surface, are in parallel with 
each other. Note, it is possible to obtain a laser beam curtain in which the multi-reflected beam segments are 

25 overlapped with respect to each other at a much closer pitch, so that a light Intensity thereof is greatly en- 
hanced. 

Figures 5A, 5B and 5C show simulations of the multi-reflection of a laser beam, wherein the concave and 
convex reflectors 1 0 and 12 and the laser source are arranged so that the ideal requirements according to the 
above-mentioned formula ® can be met. In Fig. 5A, the concave and convex reflectors 10 and 12 have radii 

30 of 1000 mm, and 900 mm, respectively; in Fig. 5B, the concave and convex reflectors 10 and 12 have radii of 
2000 mm and 1900 mm, respectively; and in Fig. 5C, the concave and convex reflectors 10 and 12 have radii 
of 4000 mm and 3900 mm, respectively. In all of the simulations since a between the radii of the concave and 
convex reflectors 10 and 12 is 100 mm, the distance s therebetween is~setat50 mm. In Figs. 5A, 5B, and 5C, 
the laser beam is introduced between the concave and convex reflectors 10 and 12 in parallel with the optical 

35 axis OA. In all of the simulations, since a distance s between the laser beam and the optical axis OA is 50 mm, 
the angle 6 is equal to about 2.5° (50/1 000 rad) in Fig. 5A; to about 1 .25° (50/2000 rad) in Fig. 5B; and to about 
0.625° (50/4000 rad) in Fig. 5C. 

In the simulation of Fig. 5A, the laser beam was multi-reflected 140 times; in the simulation of Fig. 5B, the 
laser beam was multi- reflected 342 times; and in the simulation of Fig. 5B, the laser beam was multi-reflected 

to 806 times. As seen from the simulations the smaller the angle 9, the greater the number of times the laser 
beam is reflected between the concave and convex reflectors. Note, in the simulations of Figs. 5A, 5B, and 
5C, the laser beam was multi-reflected between the concave and convex reflectors by passing through the 
optical axis OA and thus was emitted from the space between the concave and convex reflectors at a side 
opposite to the side having the space through which the laser beam was introduced, but the laser beam is multi- 

45 reflected at much closer pitch in the zone around the optical axis OA. 

Figures 6A, 6B, 6C and 6D show simulations of the multi-reflection of a laser beam wherein the concave 
and convex reflectors 10 and 12 and the laser source are arranged so that the ideal requirements according 
to the formula ® are not met 

The simulation of Fig. 6A was performed under the same condition as in Fig. 5A except that the distance 

so s between the concave and convex reflectors was set at 30 mm instead of 50 mm. As shown in Fig. 6A, the 
laser beam was multi-reflected at a relatively wide pitch between the concave and convex reflectors at the 
side of the space therebetween through which the laser beam was introduced, and was then emitted from the 
same side. 

The simulation of Fig. 6B was performed under the same conditions as in Fig. 6A, except that the laser 
55 beam was not introduced between the concave and convex reflectors in parallel with the optical axis OA but 
at an angle of +1.43° with respect to the parallel laser beam shown in Fig. 6A. Note that an angle measured 
in the clockwise direction from the horizontal line (i.e., the parallel laser beam shown in Fig. 6A) is defined as 
a positive angle, and an angle measured in the counter-clockwise direction from the horizontal line is defined 
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as a negative angle. Similar to Fig. 6A, in Fig. 6B the laser beam was multi-reflected between the concave 
and convex reflectors at the laser beam introduction side, and then emitted from the same side. Nevertheless, 
as apparent from Fig. 6B, the laser beam was multi-reflected at a much closer pitch at the side of the optical 
axis OA. 

The simulation of Fig. 6C was performed under the same conditions as in Fig. 6A, except that the laser 
beam was introduced between the concave and convex reflectors at an angle of +1.55° with respect to the 
parallel laser beam shown in Fig. 6A. In Fig. 6C, the laser beam was multi-reflected between the concave and 
convex reflectors by passing through the optical axis OA and thus was emitted from the space between the 
concave and convex reflectors at the side opposite to the laser beam introduction side, but the laser beam 
was multi-reflected at a much closer pitch in the zone around the optical axis OA. 

The simulation of Fig. 6D was performed under the same conditions as in Fig. 6A, except that the laser 
beam was Introduced between concave and convex reflectors at an angle of +1 .66° with respect to the parallel 
laser beam shown in Fig. 6A. In Fig. 6D, the laser beam was multi-reflected between the concave and convex 
reflectors by passing through the optical axis OA, and thus was emitted from the space between the concave 
and convex reflectors at the side opposite to the laser beam introduction side, but the laser beam was multi- 
reflected at a relatively closer pitch in the zone around the optical axis OA. 

Figures 7A, 7B, 7C, 7D, and 7E also show simulations of the multi-reflection of a laser beam, wherein the 
concave and convex reflectors 10 and 12 and the laser source are arranged so that the ideal requirements 
according to the formula ® are not met 

The simulation of Fig. 7A was performed under the same conditions as in Fig. 5A, except that the distance 
s between the concave and convex reflectors was set at 70 mm instead of 50 mm. As shown in Fig. 7A, the 
laser beam was multi-reflected at a relatively wide pitch between the concave and convex reflectors by passing 
through the optical axis OA, and thus was emitted from the space between the concave and convex reflectors 
at the side opposite to the laser beam introduction side. 

The simulation of Fig. 7B was performed under the same conditions as in Fig. 7A, except that the laser 
beam was not introduced between the concave and convex reflectors in parallel with the optical axis OA but 
at an angle of -0.97° with respect to the parallel laser beam shown in Fig. 7 A. As shown in Fig. 7B, the laser 
beam was multi-reflected at a relatively dose pitch between the concave and convex reflectors by passing 
through the optical axis OA, and thus was emitted from the space between the concave and convex reflectors 
at the side opposite to the laser beam introduction side. 

The simulation of Fig. 7C was performed under the same conditions as in Fig. 7A, except that the laser 
beam was introduced between the concave and convex reflectors at an angle of -1.03° with respect to the 
parallel laser bean shown in Fig. 7A. In Fig. 7C, the laser beam was multkeflected in much the same manner 
as in Fig. 7B. 

The simulation of Fig. 7D was performed under the same conditions as in Fig. 7 A, except that the laser 
beam was introduced between the concave and convex reflectors at an angle of -1.06° with respect to the 
parallel laser beam shown in Fig. 7A. In Fig. 7D, the laser beam was multi-reflected between the concave and 
convex reflectors until reaching the optical axis OA, and then was emitted from the laser beam introduction 
side. Nevertheless, the laser beam was multi-reflected at a much closer pitch in the zone around the optical 
axis OA. 

The simulation of Fig. 7E was performed under the same conditions as in Fig. 7A, except that the laser 
beam was introduced between the concave and convex reflector at an angle of -1 .09° with respect to the par- 
allel laser beam shown in Fig. 7A. In Fig. 7E, the laser beam was multi-reflected between the concave and 
convex reflectors in the laser beam introduction side, and then emitted from the same side. Nevertheless, the 
laser beam was multi-reflected at a much closer pitch at the side of the optical axis. 

As seen from Figs. 6A to 6D and Figs. 7A to 7E, although the concave and convex reflectors and the laser 
source are arranged so that the ideal requirements according to the formula 0 are not met, a zone in which 
the laser beam is multi-reflected at a much closer pitch can be obtained by adjusting an angle of incidence of 
the laser beam to be introduced between the concave and convex reflectors. Namely, the multi-reflection of 
the laser beam concerned can be obtained by suitably arranging the concave and convex reflectors and the 
laser source, regardless of the ideal requirements of formula ®. 

Therefore, although the arrangement of the concave and convex reflectors and the laser source does not 
meet the ideal requirements of formula ®, this is also within the scope of the present invention as long as the 
multi-reflection of the laser beam concerned can be obtained. 

As mentioned with reference to Figs. 5A to 5C, when the concave and convex reflectors and the laser 
source are arranged so that the ideal requirements of the formula ® are met, the multi-reflection of a laser 
beam can be obtained. But, in practice, it is difficult to obtain an arrangement of the concave and convex re- 
flectors and the laser source which meets the ideal requirements of formula ®, because the positioning tol- 
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erance as well as the tolerance of the radii of curvature of the reflectors 10 and 12 must be taken into consid- 
eration. 

In particular, sometimes the parallel relationship between the laser beam and the optical axis cannot be 
established. 

Note, obviously when the laser beam is not in parallel with the optical axis, a multi-reflection of a laser 
beam concerned cannot be obtained under the ideal requirements of the formula 0. Nevertheless, it is possible 
to obtain the multi-reflection of a laser beam concerned even if the laser beam is not in parallel with the optical 
axis as mentioned hereinafter. 

According to the present invention, it is possible to compensate the non-parallel relationship between the 
laser beam and the optical axis by moving the concave reflector perpendicular to the optical axis. For example, 
as shown in Figure 8, when the laser beam has an angle of deviation of ±0.006° with respect to a horizontal 
axis HA which is in parallel with the optical axis OA, this deviation angle can be compensated by moving the 
concave reflector in one of the opposite directions shown by arrows A and B, whereby the multi-reflection of 
the laser beam concerned can be obtained. This compensation will be explained in detail with reference to 
Figures 9Ato 9D and Figures 1 0A and 10D. 

Figures 9A to 9D show simulations of the multi-reflection of a laser beam wherein the concave and convex 
reflectors 10 and 12 are arranged as in Fig. 5A, but the laser beam has an angle of deviation of -0.006°. In 
Fig. 9A, the concave reflector 10 is at an initial position, i.e., movement of the concave reflector 10 is zero. In 
Fig. 9B, the concave reflector 10 is shifted in the direction A by a distance of 0.05 mm; in Fig. 9C, the concave 
reflector 10 is shifted in the direction A by a distance of 0.10 mm; and in Fig. 9D, the concave reflector 10 is 
shifted in the direction A by a distance of 0.20 mm. 

Figures 10Ato 10D also show simulations of the multi-reflection of a laser beam wherein the concave and 
convex reflectors 1 0 and 12 are arranged as in Fig. 5A but the laser beam has an angle of deviation of +0.006°. 
In Fig. 10A, the concave reflector 10 is at an initial position, i.e., movement of the concave reflector 10 is zero. 
In Fig. 10B, the concave reflector 10 is shifted in the direction B by a distance of 0.05 mm; in Fig. 10C, the 
concave reflector 1 0 is shifted in the direction B by a distance of 0.1 0 mm; and in Fig. 1 0D, the concave reflector 
10 is shifted in the direction B by a distance of 0.20 mm. 

As seen from Figs. 9A to 9D and Figs. 10A to 10D, although the laser beam has an angle of deviation of 
±0.006°, the multi-reflection of the laser beam concerned can be obtained by moving the concave reflector 10 
by a distance of 0.05 mm in the directions A and B, respectively. 

Furthermore, according to the present invention, although the parameters R t , R 2 and s are varied within 
a relative wide range with respect to each other, it is possible to obtain a multi-reflection of the laser beam 
concerned by the movement of the concave reflector. This can be also shown by a simulation. For example, 
in an arrangement as shown in Figure 11, when the radius R 2 of the convex reflector 12 is varied from 700 mm 
to 1200 mm by increments of 100 mm, the radius R, of the concave reflector 10 is fixed, when the distance s 
between the concave and convex reflectors 10 and 12 is varied from 30 mm to 70 m by increments of 10 mm, 
and the laser beam is introduced between the concave and convex reflectors 10 and 12 in parallel with the 
optical axis OA, the distance between the laser beam and the optical axis OA being 20 mm, a simulation was 
obtained of resultant changes in the multi-reflection of a laser. The simulation results are shown in Figures 
12Ato 12E. In Figs. 12Ato 12E, the abscissa shows a movement of the concave reflector 10 wherein an upward 
shift (arrow A shown in Fig. 11) of the concave reflector 10 is defined as positive and a downward shift (arrow 
B shown in Fig. 11) thereof is negative, and the ordinate shows a number of reflections of the laser beam. 

As seen from Figs. 12A to 12E, when the requirements of formula 0 are met (s = 50 mm, R 2 = 900 mm), 
the shift of the concave reflector = 0), the number of reflections of the laser beam is at a maximum. But even 
if the requirements of formula 0 are not met, it is possible to obtain a large number of reflections of the laser 
beam. 

An arrangement for the multi-reflection of the laser beam was actually constructed, as generally shown 
in Figure 13A, for measuring a distribution of light intensity of the laser beam curtain formed by the multi-re- 
flected beam segments. In the actual arrangement, the concave and convex reflectors Mi and M 2 had radii of 
1000 mm and 900 mm, respectively, and the distance s therebetween was a set at 50 mm, and a He-Ne laser 
beam LB (2 mW) was used. As shown in Fig. 13A, the concave reflector Mi was shifted in a direction shown 
by an arrow A, for the purpose mentioned hereinafter, and the concave reflector M 2 was shifted in the directions 
shown by arrows X and Y, which are perpendicular to each other and thus the arrangement met the require- 
ments of formula 0. To measure the distribution of light intensity of the laser beam curtain, an optical fiber 
OF was utilized as a probe. As shown in Figure 13B, the optical fiber probe OF has a sheath-stripped end 
having a rounded tip, and another end (not shown) coupled to a light detector such as a photomultiplier tube. 

During the measurement, the rounded tip of the optical fiber probe OF was placed in contact with the laser 
beam curtain at a slight angle of, for example, 7 degrees, as shown in Fig. 13A. Adistribution of the light intensity 
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of the laser beam curtain was measured by moving the optical fiber probe OF from the uppermost side of the 
laser beam curtain toward the optical axis OA, while maintaining the above angle of the optical fiber probe to 
the laser beam curtain. Note, when the optical fiber prove OF is oriented to the laser beam curtain as shown 
in Fig. 1 3A, only alight intensity of the beam segments reflected at the even-number of reflections of the beam 

5 is measured, because the beam segments reflected from the convex reflector M 2 toward the concave reflector 
M, are only intercepted by the rounded tip of the optical fiber probe OF. 

In each of five cases wherein the concave reflector M, is not shifted in the direction A (i.e., remains at the 
initial position); is shifted by a distance of 0.2 mm; by a distance of 0.4 mm; by a distance of 0.6 mm; by a 
distance of 0.8 mm; and by a distance of 1 .0 mm, an actual measurement was performed in the above manner. 

w The results of the measurement are shown in Figure 14. In Fig. 14, the five characteristics indicated by 0 mm, 
0.2 mm, 0.4 mm, 0.6 mm, 0.8 mm, and 1.0 mm correspond to the distributions of light intensity of the laser 
beam curtains obtained in the above-mentioned five cases, respectively, and the abscissa shows a distance 
by which the rounded tip of the optical fiber probe OF is moved along each of the five laser beam curtains. In 
each of the five characteristics, the first peak indicated by "0" represents a light intensity of the introduced or 

15 non-reflected laser beam; the second peak indicated by "2" represents a light intensity of the beam segment 
reflected twice; the third peak indicated by "4" represents a light intensity of the beam segment reflected four 
times; and the fourth peak indicated by "6" represents a light intensity of the beam segment reflected six times. 
In each of the characteristics indicated by 1.0 mm, 0.8 mm, and 0.6 mm, the beam segments reflected more 
than eight times are overlapped with respect to each other so that a light intensity thereof is enhanced, but 

20 these beam segments interfere with each other to form an irregular band. In each of the characteristics indi- 
cated by 0.4 mm and 0.2 mm, the fifth peak appears and represents a light intensity of the beam segment 
reflected eight times, but the beam segments reflected more than ten times interfere with each other to form 
an irregular band. In the characteristics indicated by 0 mm, the fifth and sixth peaks appear and represent light 
intensities of the beam segments reflected eight and ten times, respectively, but the beam segments reflected 

25 more than twelve times interface with each other to form an irregular band. 

Figures 1 5A to 1 5F show simulations of the multi-reflections of the laser beam corresponding to the above 
five characteristics indicated by 0 mm, 0.2 mm, 0.4 mm, 0.6 mm, 0.8 mm, and 1.0 mm. In Fig. 15A, the laser 
beam was multi-reflected more than 100 times, whereas in Figs. 15B to 15F, the numbers of reflections are 
47, 35, 29, 25, and 23 times, respectively. As apparent from the comparison of the simulations of Figs. 15A 

30 to 15F with the five characteristics of Fig. 14, although the number of reflections of more than 100 times is 
obtained in Fig. 15A, a light intensity of the irregular band thereof (Fig. 14) in which the reflected beam seg- 
ments are at a much closer pitch is lower than that of the irregular bands of the other characteristics indicated 
by 0.2 mm, 0.4 mm, 0.6 mm, 0.8 mm, and 1 .0 mm. This is because the reflection loss is large due to the number 
of reflections of more than 100 times, and because the laser beam is gradually thickened due to an increment 

35 of the optical path length thereof. Conversely, in the characteristics indicated by 0.2 mm, 0.4 mm, 0.6 mm, 0.8 
mm, and 1.0 mm, each irregular band (i.e. the zone in which the reflected laser beam is returned back to the 
laser beam introduction side) has a much higher intensity of light than that of the characteristics indicated by 
0 mm. Note, in the characteristics indicated by 0.2 mm, 0.4 mm, 0.6 mm, 0.8 mm, and 1.0 mm, each of the 
irregular bands actually has a higher level of light intensity which is twice that of the corresponding light intensity 

40 shown in Fig. 14 because a light intensity of the beam segments reflected at the odd-number of reflections of 
the beam is not measured. 

Accordingly, the irregular bands of the characteristics indicated by 0.2 mm, 0.4 mm, 0.6 mm, 0.8 mm, and 
1 .0 mm are preferably used as a detection zone for particles rather than the irregular band of the characteristic 
indicated by 0 mm, to carry out the particle detection with a high probability and a high sensitivity. Especially, 

45 the irregular bands of the characteristics indicated by 0.4 mm and 0.6 are most suitable as the particle detection 
zone, because of the width thereof. 

As mentioned above, when the He-Ne laser beam is used, the particle detection zone is obtained as the 
irregular band in which the reflected beam segments interfere with each other. In this detection zone, light scat- 
tered due to the presence of particles behaves in a complicated manner due to the affect of the interference 

50 of the multi-reflected beam segments. Nevertheless, by using a semiconductor laser beam instead of the He- 
Ne laser beam, it is possible to eliminate the interference of the multi-reflected beam segments from the de- 
tection zone. 

Figures 16Ato16C and Figures 1 7A to 17C show distributions of the light intensity of semiconductor laser 
beam curtains actually measured in the arrangement as shown in Fig. 13A, wherein a semiconductor laser 
55 beam was used instead of the He-Ne laser beam. In Figs. 1 6A to 1 6Cm, a semiconductor laser beam (5 mW) 
having a common coherence length of more than 10 m was used, but in Figs. 17A to 17C, a semiconductor 
laser beam (4.2 mW) having a coherence length of 1 mm was used. In Figs. 16A to 16C, the distributions of 
light intensity were actually measured in three cases in which the concave M t remained at the initial position; 
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was shifted by the distance of 0.2 mm; and by the distance of 0.4 mm, respectively. This also holds true for 
Figs. 17A to 17C. As seen from Figs. 16A to 16C and Figs. 17A to 17C, in each detection zone indicated by 
DZ, the multi-reflected beam segments do not interfere with each other. Namely, the interference of the multi- 
reflected beam segments can be eliminated from the detection zone by using the semiconductor laser beam 

5 instead of the Ne-Ne laser beam, regardless of a coherence length of the semiconductor laser beam used. 

Especially, as seen from Figs. 2 1 A to 21 D, the distribution of light intensity of the semiconductor laser beam 
curtain may include a relatively narrow band having a uniform light intensity. Accordingly, if the relatively narrow 
band is used as a particle detection zone, not only can the presence of particles be detected, but also a size 
of the detected particle can be measured. 

10 Figures 1 8A and 18B show waveforms of a detected pulse derived from the light scattered due to the pres- 
ence of particles in the detection zone of the He-Ne laser beam (2 mW); Figures 19Aand 19B show waveforms 
of a detected pulse derived from the light scattered due to the presence of particles in the detection zone of 
the semiconductor laser beam (8 mW) having the common coherence length of more than 10 m; and Figures 
20A and 20B show waveforms of a detected pulse derived from the light scattered due to the presence of par- 
ts tides in the detection zone of the semiconductor laser beam (3.9 mW) having the coherence length of 1 mm. 
In Figs. 18Aand 18B, Figs. 19Aand 19B, and Figs. 20Aand 20B, the detected pulses are indicated by DP. 
Note, in Figs. 18A and 18B, Figs. 19A and 19B, and Figs. 20A and 20B, latex particles having a size of 2 \ur\ 
were used as the sample particles. 

As seen from Figs. 18A and 18B, when the He-Ne laser beam was sued, the detected pulse has a com- 

20 plicated waveform due to the interference of the multi-reflected beam segments. On the other hand, as seen 
from Figs. 19Aand 19B, and Figs. 20Aand 20B, when the semiconductor laser beam was used, the detected 
pulse had a simple waveform. 

Figures 21 A to 21 D show distribution of light intensity actually measured in the arrangement of Fig. 1 3A, 
wherein a convex reflector having a radius of 1000 mm was used instead of the convex reflector M 2 having 

25 the radius of 900 mm; and wherein the semiconductor laser beam (wave length of 780 mm) having the common 
coherence length was used instead of the He-Ne laser beam. In Figs. 21 A to 21 D, the distributions of light in- 
tensity were actually measured in four cases, in which the concave Mi remained at the initial position; was 
shifted by the distance of 0.2 mm; by the distance of 0.4 mm, and by 0.7 mm, respectively. Note that Figure 
21 E shows a light intensity of the introduced laser beam prior to reflection between the concave and convex 

30 reflectors, and this light intensity may be common in the characteristics shown Figs. 21 A to 21D. 

As seen from Figs. 21 A to 21 D, when the convex reflector having the radius of 1000 mm, and having a 
band which can be used as a detection zone, is wider than that shown in Figs. 16A to 16C and Figs. 17A to 
17C, in which the convex reflector M 2 having the radius of 900 mm were used. This tendency was also found 
when convex reflectors having a radius of more than 1000 mm (1100 to 1200 mm) were used. 

35 Furthermore, to determined a sensitivity of the particle detection according to the present invention, a de- 
tection of sample particles having a predetermined size was repeatedly performed. The results are shown in 
Figure 22A and 22B, in which the abscissa shows a voltage of the detected pulses and the ordinate shows a 
number of the detected pulses. Namely, Figs. 22A and 22B shows a distribution of voltages of the detected 
pulses derived from sample particles having the same size. 

40 in Figs. 22A and 22B, the He-Ne laser beam (5 mW) was used and was multi-reflected according to the 
present invention (in the arrangement as shown in Fig. 13A). Alight detector as shown in Figure 23 was used 
for detecting the scattered light. The light detector comprises a lens 14 (f 8.5 mm; o12 mm) for receiving the 
light scattered from the laser beam curtain LBC due to the presence of particles, a slit member 1 6 for defining 
an area to be detected on the laser beam curtain LBC, and a photomultiplier tube 18 for converting the light 

45 filtered by the slit member 16 into an electric signal. In Fig. 22A, particles having a size of 0.8 um were used 
as sample particles, whereas in Fig. 22B, particles having a size of 0.5 urn were used as the sample particles. 

Figures 24Aand 24B show distributions of voltages of the detected pulses derived from sample particles 
having the same size, wherein a single He-Ne laser beam (5 mW) having a diameter of 0.8 mm, as shown in 
Fig. 24A, was used instead of the laser beam curtain according to the present invention. In Fig. 24A, particles 

so having a size of 0.8 uin were used as sample particles, whereas in Fig. 24B, particles having a size of 0.5 \xm 
were used as the sample particles. 

Figure 25 shows a distribution of voltages of the detected pulses derived from the sample particles having 
a size of 0.8 urn, wherein a sheet-like He-Ne laser beam was used instead of the laser beam curtain according 
to the present invention. To obtain the sheet-like laser beam, the He-Ne laser beam (5 mW) was deformed by 

55 a cylindrical lens so that the deformed beam had a width of 4.0 mm and a thickness of 0.5 mm at half maximum, 
as shown in Fig. 25. 

As seen from the comparison of Figs. 22A and 22B with Figs. 24A and 24B and Fig. 25, the sensitivity of 
particle detection according to the present invention was a considerable improvement over the conventional 
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detection. 

Figure 26 shows a distribution of voltages of the detected puises derived from sample particles having a 
size of 2 urn, wherein a semiconductor laser beam (5.5 mW) was used instead of the He-Ne laser beam and 
was multi-reflected according to the present invention (in the arrangement as shown in Fig. 13A). Figure 27 

5 shows a distribution of voltages of the detected pulses derived from sample particles having a size of 2 ujn, 
wherein a semiconductor laser beam (37 mW) was used but was deformed into a sheet-like laser beam by a 
cylindrical lens so that the deformed beam had a width of 4.0 mm and a thickness of 0.5 mm at half maximum, 
as shown in Fig. 27. As seen from the comparison of Fig. 26 with Fig. 27, when the semiconductor laser beam 
was used, the sensitivity of particle detection according to the present invention was again an improvement. 

10 According to the embodiments of the present invention described above, it is possible to detect the pres- 
ence of particles with a high probability and a high sensitivity by multi-reflecting the laser beam at a much 
closer pitch in the detection zone, but it is impossible to determine a size of the detected particle because the 
particle detection zone do not have a uniform distribution of light intensity, as shown in Fig. 14, Figs. 16Ato 
16C, Figs. 17Ato 17B, and Fig. 21 A to 21 D. This can be also understood from Figs. 22Aand 22B and Fig. 26. 

15 Namely, in these embodiments, the laser beam can be multi-reflected at a much closer and uniform pitch 
in the detection zone, but by using two reflectors which have partially concave and convex reflecting surfaces, 
respectively, as shown in Figure 28, it is possible to multi-reflect the laser beam at a much closer and uniform 
pitch, whereby not only can the presence of particles be detected with a high probability and a high sensitivity, 
but also a size and a number of the detected particles can be determined. 

20 In Fig. 28, the partial concave reflector 10' has a concave reflecting zone 20 and a plane reflecting zone 
22 smoothly continuing from the concave zone 20, and the partial convex reflector 12' has a convex reflecting 
zone 24 and a plane reflecting zone 26 smoothly continuing from the convex zone 24. In the arrangement of 
the reflectors 10' and 12' as shown in Fig. 28, the iaser beam LB, which is introduced therebetween in parallel 
with optical axis OA, is multi-reflected between the concave and convex zones 20 and 24 in such a manner 

25 that a pitch of the reflection becomes gradually closer, and is then multi-reflected between the plane zones 
22 and 26 in such a manner that the much closer pitch obtained by the reflection between the concave and 
convex zones 20 and 24 is maintained, whereby the laser beam curtain formed between the plane zones 22 
and 26 can have a substantially uniform distribution of light intensity along an axis X-X' which is perpendicular 
to the optical axis OA and which extends along the center line of the laser beam curtain between the plane 

30 zones 22 and 26. In the laser beam curtain having the substantially uniform distribution of light intensity, it 
possible to measure an unknown size and an unknown number of detected particles by previously determining 
a sample particle having a known size, because a strength of the light scattered due to the presence of particles 
in the substantially uniform distribution of light intensity depends on a size of the detected particles. 

Figure 29 shows a particle detection apparatus to which the principle of the present invention is applied, 

35 and which is constructed to be used in a vacuum chamber (not shown) for the formation of a thin film element 
by, for example, a sputtering process. The particle detection apparatus comprises a housing 28 having sub- 
stantially a U-shape. The housing 28 has a rectangular central recess 30 resulting from the U-shape thereof, 
the recess 30 being defined the opposed inner side faces 32 and 34. The inner side faces 32 and 34 are pro- 
vided with rectangular hollow members 36 and 38 protruding therefrom, respectively. The hollow members 36 

40 and 38 have opposed rectangular elongated openings, only one of the rectangular elongated openings being 
indicated by reference numeral 40 in Fig. 30. A laser beam curtain according to the present invention is formed 
between the rectangular hollow members 36 and 38, as mentioned hereinafter. 

An optical assembly, generally indicated by reference numeral 42 in Figures 30 and 32, is housed within 
the housing 28. The optical assembly 42 includes a rectangular base plate 44 on which a mount base 46 is 

45 fixedly secured. As best shown in Figures 32A and 32B, the mount base 46 includes a base portion 46a, a first 
raised portion 46b integrally formed on one end of the base portion 46a, and a second raised portion 46c in- 
tegrally formed on the other end of the base portion 46a. The first raised portion 46b has a bore 46d formed 
therethrough, and a laser source or a laser generator 47 is mounted in the bore 46b of the first raised portion 
46b. The laser generator 47 includes a semiconductor laser device which may emit a laser beam having a wave 

50 length of, for example, 780 nm. The second raised portion 46c includes an upright member 46e which vertically 
and upwardly extends therefrom, and which has a pair of ovaJ holes 46f formed therethrough. The second 
raised portion 46c also has a recess 46g formed at a corner thereof, and the base portion 46a has four threaded 
holes 46h formed therein as shown in Fig. 32B. 

The optical assembly 42 also includes a first plate-like arm member 48 which is fixedly attached at one 

55 end thereof to a side face of the first raised portion 46b by a pair of screws 50 and 50 so as to extend along 
the upper surface of the base plate 44. As best shown in Figures 33Ato 33C, the first plate-like arm member 
48 has a pair of holes 48a formed at one end thereof for inserting the screws 50 which are screwed into threaded 
holes 46i (Fig. 32A) formed in the side face of the first raised portion 46b. A first vertical plate member 52 is 
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secured to the other end of the first plate-like arm member 48 by a pair of screws 54 and 54. In particular, the 
first vertical plate member 52 has a portion 52a extending from a corner thereof, as shown in Fig. 33C, the 
other end of the first plate-like arm member 48 being secured to an outer side of the extended portion 52a of 
the first vertical plate member 52. The first vertical plate member 52 also has a pair of threaded holes 52b 
5 formed therethrough as shown in Fig. 33C. As seen from Figs. 30 and 33A, an elongated opening 48b is formed 
in the first plate-like arm member 48 so that the opposed thin portions 48c remain therein. 

When the first vertical member 52 is attached to the first raised portion 46b as mentioned above, the ex- 
tended portion 52a of the first vertical plate member 52 is received in the recess 46g of the second raised por- 
tion 46c so that the first vertical plate member 52 is aligned with the upright member 46e of the second raised 

io portion 46c. The first vertical plate member 52 is connected to the upright member 46e by a pair of screws 56 
which are inserted through the oval holes 46f and screwed into the threaded holes 52b, but the first vertical 
plate member 52 is can be shifted in the vertical direction because the holes 46f have the oval-shaped cross 
section and because the opposed thin portions 48c of the first plate-like arm member 48 can be deformed. 
As shown in Fig. 30, a set screw 58 is screwed into the base plate 44 and abutted against the end portion 

15 of the first plate-like arm member 48, which is attached to the first vertical plate member 52. Accordingly, the 
first vertical plate member 52 is adjustable in the vertical direction by screwing the set screw 58. 

The optical assembly 42 also includes a second plate-like arm member 60 which is disposed on the base 
portion 46a of the mount base 46. As best shown in Figures 34A and 34B, the second plate-like arm member 
60 includes a second vertical plate member 62 which is integrally formed at one end thereof to extend vertically 

20 and upwardly. As apparent from Fig. 34B t the second plate-like member 60 has four holes 60a which are formed 
therethrough so that they are arranged in the vicinity of the four corners of the second plate-like member 60, 
respectively. The arrangement of the four holes 60a corresponds to that of the four holes 46h formed in the 
base portion 46a of the mount base 46 so that, when the second plate-like arm member is disposed on the 
base portion 46a, each of the holes 60a is aligned with the corresponding hole 46h. Note that two of the holes 

25 60a which are disposed beside the second vertical plate member 62 have an oval-shaped cross section as 
shown in Fig. 34 B. A rectangular opening 60b is formed in the second plate-like arm member 60 so that the 
opposed thin portions 60c remain therein. The second plate-like arm member 60 is fixedly mounted on the 
base portion 46a of the base mount 46 by four screws 64 (Fig. 31) which are inserted through the four holes 
60a and screwed into the threaded holes 46h, respectively, but the second vertical plate member 62 is can be 

30 shifted in the horizontal direction because said two of the holes 60a have the oval-shaped cross section and 
because the opposed thin portions 60c of the second plate-like arm member 60 can be deformed. As shown 
in Figs. 30 and 31, a set screw 66 is screwed into a threaded hole 48d (Fig. 33A) of the first plate-like arm 
member 48 and abutted against the second vertical plate member 62. Accordingly, the second vertical plate 
member 62 is adjustable in the horizontal direction by screwing the set screw 66. 

35 As apparent from the foregoing, by suitably adjusting the set screws 58 and 66, the first and second vertical 
plate members 52 and 62 can be shifted relative to each other in the horizontal and vertical directions or X 
and Y directions perpendicular to each other. 

The first and second vertical plate members 52 and 62 are provided with concave and convex reflectors 
68 and 70 fixedly attached to the opposed surfaces thereof, respectively. In this embodiment, the concave 

40 reflector 68 has a radius of curvature of 1 000 mm, and the convex reflector 70 has a radius of curvature thereof 
being 900 mm. A distance between the concave and convex reflectors 68 and 70 is set at 50 mm when meas- 
ured along the optical axis. The second vertical plate member 62 has a bore 62a (Figs. 30 and 34A) formed 
therein, through which the laser beam LB emitted from the laser generator 47 passes and is incident on the 
concave reflector 68. Since the first and second vertical plate members 52 and 62 can be shifted relative to 

45 each other in the X and Y directions, the relative position between the concave and convex reflectors 68 and 
70 is adjustable as explained with reference to Figs. 3Aand 3B and Figs. 4A to 4C, whereby the concave and 
convex reflectors 68 and 70 can be arranged so that the laser beam LB is multi-reflected therebetween in ac- 
cordance with the present invention. 

The optical assembly 42 is housed within the housing 28 so that the concave and convex reflectors 68 

so and 70 are opposed to the elongated openings (40) of the rectangular hollow members 38 and 36, respectively, 
whereby the laser beam curtain can be formed between the elongated openings (40). 

The particle detection apparatus also comprises a light detector device 72 (Fig. 29) for receiving light scat- 
tered due to the presence of particles in the laser beam curtain. The light detector device 72 includes a detector 
head or hollow tubular member 74, as shown in Fig. 35A, which is supported in place by, for example, the hous- 

55 ing 28, so that a front opening of the detector head 74 faces the laser beam curtain. The detector head 74 is 
provided with a lens 76 for receiving the scattered light and a transport plate 78 for protecting the lens 76 from 
polluting by particles generated during the sputtering process. The detector head 74 is connected to a detector 
body 80 (Figs. 35B) through a bundle of optical fibers 82. The detector body 80 forms a part of the detector 
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device 72, but It is disposed outside the vacuum chamber of the sputtering equipment. One end of the optical 
fiber bundle 82 Is coupled to the detector head 74 by coupling members 84 and 86, and the end face thereof 
serves as a light receiving face for the scattered light The other end of the optical fiber bundle 89 is connected 
to a casing 88 of the detector body 80, and the end face thereof faces a light receiving face of a photomultiplier 
tube 90 housed in the casing 88 through the intermediary of an optical filter 92. Accordingly, the scattered 
light received by the lens 76 is transmitted to the detector body 80 through the optical fiber bundle 82, and is 
then received by the photomultiplier tube 90 to be converted into an electrical signal. Although light generated 
during the sputtering process is received as a noise together with the scattered light by the lens 76 and is then 
transmitted to the detector body 80 through the optical fiber bundle 82, it can be eliminated by the optical filter 
92. The optical fiber bundle 82 is covered by a metal tube 94 which extends from the detector head 74 to the 
detector body 80 so that air cannot enter the vacuum chamber of the sputtering equipment through the passage 
for transmitting the scattered light. Note that the metal tube 94 is seaiingly passed through a wall 96 (Fig. 35C) 
defining the vacuum chamber of the sputtering equipment As partially shown in Figs. 35Aand 35C, at least 
a portion of the metal tube 94 is preferably formed as a bellows 98, so that it can be easily bent 

Preferably, an inert gas such as argon is introduced into the housing 28 through a pipe 1 00 (Fig. 29) which 
is connected to a suitable inert gas source (not shown), so that the inert gas is discharged from the elongated 
openings (40) of the rectangular hollow members 36 and 38, whereby pollution of the concave and convex re- 
flectors 68 and 70 by the particles which are generated during the sputtering process is prevented. 

In this embodiment, the scattered light Is transmitted to the photomultiplier tube 90 through the intermedi- 
ary of the optical fiber bundle 82, as mentioned above, because the optical assembly 24 with the housing 28 
must be disposed within the vacuum chamber of the sputtering equipment. However, when the particle detec- 
tion apparatus is applied to, for example, a clean room for the production of semi-conductors, the photomulti- 
plier tube may be directly incorporated into the detector head. 

Figure 36A shows a sputtering equipment into which the optoelectrical particle detection apparatus as 
mentioned above is actually incorporated. The sputtering equipment includes a vessel 102 defining a vacuum 
chamber 1 04. The vessel 1 02 is provided with a discharge duct 1 06 adapted to be connected to a vacuum pump 
(not shown) such as a diffusion pump, whereby air can be drawn from the vacuum chamber 104 through the 
discharge duct 106. The discharge duct 106 has a valve 108 provided therewithin, which is regulated to maintain 
a pressure in the vacuum chamber 104 at a predetermined degree of vacuum. The sputtering equipment also 
includes an argon gas source 110 is communicated with the vacuum chamber 104 through a pipe 112 provided 
with a valve 114. As is well known, during the sputtering process, the vacuum chamber 104 is filled with argon 
gas. Note that the argon gas source 110 may be utilized to feed argon gas into the housing 28 of the optical 
assembly 42 (Fig. 29). 

The sputtering equipment further includes a target assembly 116 seaiingly installed in a bottom of the ves- 
sel 102, a substrate assembly 118 facing the target assembly 116 within the vacuum chamber 104, and an 
electric source 120 for applying a voltage between the target assembly 116 and the substrate assembly 118. 
The substrate assembly 118 may be suitably supported from a top wall of the vessel 102. The electric source 
120 may comprise a radio frequency electric source or a direct-current electric source. Alternatively, both the 
radio frequency electric source and the direct-current electric source may be provided, and one of these sourc- 
es selected by a two-way switch (not shown). A target 122 is applied to the target assembly 116, while a sub- 
strate 124 is held by the substrate assembly 118. 

As well known, in the sputtering process, argon ions (Ar*) are generated in space between the target 122 
and the substrate 1 24, and are then incident on the target 122, whereby atoms of the target material are emitted 
from the target 122 toward the substrate 124 as shown by arrows in Fig. 36A, so that the atoms are deposited 
on the substrate 124 to form a thin film thereon. As long as only the atoms of the target material are emitted, 
the formation of a thin film is properly carried out, but, for example, when an abnormal glow discharge occurs, 
aggregations of the atoms are emitted as dust particles from the target, and thus defects may occur in the 
formed thin film. 

The optoelectrical particle detection apparatus according to the present invention is incorporated into the 
sputtering equipment to control same. As shown in Fig. 36A, the optical assembly 42 housed in the housing 
28 is installed on the bottom of the vessel 102 apart from the target assembly 116, and the light detector device 
72 is disposed outside the vessel 102. Although not shown in Fig. 36A, the detector head 74, which forms a 
part of the light detector device 72, is supported by the housing 28 and connected to the detector body 80, 
which also forms a part of the light detector device 72, through the optical fiber bundle 82 covered by the metal 
tube 94, which Is seaiingly passed through the waJI of the vessel 102 as shown in Fig. 35C. To control the sput- 
tering equipment, an output side of the light detector device 72 is connected to an input side of a control circuit 
126, an output side of which is then connected to the electrical source 120 to regulate a power output by the 
electrical source 120. The control circuit 1 26 includes an analog/digital converter (AID converter) for converting 
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an analog signal (output from the photomultiplier tube 90 of the detector body 80) into a digital signal. In par- 
ticular, the A/D converter includes a low pass filter circuit or an integrating circuit That is, in the A/D converter, 
an output signal from the photomultiplier tube 90 is integrated and converted into a digital signal. Thus, the 
converted digital signal represents the number of dust particles captured by the laser beam curtain per unit 
5 time. 

The control of the sputtering equipment will be now explained with reference to a routine shown in Figure 
36B. This routine is initiated by turning ON a power supply to the control circuit 126. 

When the dust particles emitted from the target are captured by the laser beam curtain formed in the optical 
assembly 42 as mentioned above, light scattered from the captured dust particles is received by the detector 
10 head 74 and then transmitted to the photomultiplier tube 90 of the detector body 80 through the optical fiber 
bundle 82, and thus the photomultiplier tube 90 outputs a voltage which varies in accordance with the number 
of the captured dust particles and the size thereof. 

In step 361 of the routine, the digital signal converted by the A/D converter is fetched as digital data VL. 
Then, in step 362, it is determined whether or not the digital data VL is larger than a threshold V 0 , which is 
15 stored in a memory of the control circuit 126. If the digital data VL is larger than the threshold V 0 , namely, if 
the presence of dust particles is detected in the laser beam curtain, the control proceeds to step 363 in which 
the power from the electrical source 120 is abruptly lowered by 1 0%, to suppress the emission of the dust par- 
ticles. 

In step 364, it is determined whether or not a time of 0.5 sec. is passed. When the time of 0.5 sec. is passed, 

20 the control is returned to step 361. In other words, digital data VL is again fetched from the A/D converter, and 
then it is determined whether or not the digital data VL is larger than the threshold V 0 . If VL > V 0 , the power 
from the electrical source 120 is further lowered by 10%. In short, as long as VL > V 0 , the power is lowered. 

On the other hand, in step 362, if VL < V 0 , namely, if the presence of dust particles is not detected in the 
laser beam curtain, the control proceeds to step 365 in which it is determined whether or not the power from 

25 the electrical source 120 is 100%. If the power is lower than 100%, the control proceeds to step 366 in which 
the power is raised by 1 %. Then, in step 364, it is determined whether or not a time of 0.5 sec. is passed. When 
the time of 0.5 sec. is passed, the control is returned to step 361. That is, digital data VL is fetched from the 
A/D converter, and then it is determined whether or not the digital data VL is larger than the threshold V 0 . If VL 
< V 0 , the power from the electrical source 120 is further raised raised by 1 %. In step 365, if the power is 100%, 

30 the control is returned from step 365 to step 361. In short, although the power from the electrical source 120 
is once lowered due to the detection of the dust particles, the power is recovered to a normal level (100%). 
Note, the threshold V 0 can be obtained by experimental. 

Figure 36C shows another sputtering control routine which is initiated by turning ON a power supply to 
the control circuit 126. ■ 

35 In step 361', the digital signal converted by the A/D converter is fetched as digital data VL,. Then, in step 
362', it is determined whether or not the digital data VL is larger than the threshold Vq. If the digital data VL is 
larger than the threshold V 0 , the control proceeds to step 363' in which the power from the electrical source 
120 is turned OFF. In step 362' , if VL < V 0 , the control is returned to step 361 \ Namely, in this routine, the 
emission of the dust particles is avoided by turning OFF the power from the electric source 120, and the power 

40 is manually recovered thereafter. 

As mentioned, by monitoring the emission of the dust particles, it is possible to carry out the formation of 
a thin film on the substrate 124 with a high quality. Preferably the digital data VL is recorded by a suitable re- 
corder (now shown) controlled by the control circuit 126, because this data can be used to evaluate a quality 
of the formed thin film. 

<5 The particle detection apparatus according to the present invention can be also incorporated into another 
thin film formation equipment for, for example, carrying out a vacuum evaporation process as shown in Figure 
37. The vacuum evaporation equipment includes a vessel defining a vacuum chamber, which can be substan- 
tially constructed in the same manner as in Fig. 36A. Therefore, in Fig. 37, like elements of the vessel are given 
the same reference numerals with prime suffix. 

50 As shown in Fig. 37, the vacuum evaporation equipment includes a hearth 128 installed on a bottom of 
the vessel 102' to receive an ingot 130. The ingot 130 is heated and melted in the hearth 128 by an electron 
beam 132 generated from a filament 134 energized by a direct-current electric source 136, and magnetically 
deflected to be incident on the ingot 130. The molten ingot 130 is evaporated as shown by arrows in Fig. 37, 
thereby causing atoms of the ingot material deposited on a substrate 138 held by a substrate holder 140 to 

55 form a thin film thereon. Similar to the sputtering equipment as shown in Fig. 36A, as long as only the atoms 
of the ingot material are evaporated, the formation of a thin film is properly carried out, but, for example, when 
an abnormal evaporation occurs, aggregations of the atoms may be generated and scattered as dust particles 
from the molten ingot 130, and thus defects may be caused in the formed thin film. To monitor the generation 



16 



EP 0 321 265 B1 



of the dust particles, the particle detection apparatus (42, 28, 72, 82, 94) according to the present invention 
Is Incorporated into the vacuum evaporation equipment as shown in Fig. 37. Note that, in the vacuum evapor- 
ation equipment, the housing 28 is not fed with argon gas. It is, of course, obvious that the vacuum evaporation 
equipment can be substantially controlled according to the generation of the dust particles, in the same manner 
as explained with reference to Figs. 36A to 36C. In short, when a number of dust particles more than a prede- 
termined level are detected, the generation thereof can be avoided by lowering the power from the electric 
source 1 36 or by turn ing it OFF. 

Finally, it will be understood by those skilled in the art that the foregoing description is of preferred em- 
bodiments of the present invention, and that various changes and modifications can be made without departing 
from the spirit and scope thereof. 



Claims 

1. An optoelectrical particle detection apparatus comprising:- 

concave and convex reflectors (10, 12; M 1( M 2 ; 68, 70) having concave and convex reflecting sur- 
faces, respectively, and spaced from each other by a predetermined distance (S) to form a reflection 
space therebetween; 

a laser source (47) for emitting a laser beam (LB) and introducing the laser beam from a side of 
said reflection space thereinto to be multiref lected to form a laser beam curtain (LBC) between said con- 
cave and convex reflectors; 

said concave and convex reflectors and said laser source being arranged such that a pitch of the 
laser beam segments multireflected in said reflection space to form the laser curtain between said con- 
cave and convex reflectors becomes very dose in such a manner that the multireflected beam segments 
are overlapped with respect to each other, to enhance a light intensity thereof; 

adjustment means (52, 58, 62, 66) for adjusting a relative position between said concave and con- 
vex reflectors in two directions perpendicular to each other and to a common optical axis (OA) of said 
concave and convex reflectors, whereby the arrangement of said concave and convex reflectors and said 
laser source for obtaining the required laser beam curtain can be easily made without an angular adjust- 
ment of said concave and convex reflectors; and 

detection means (OF, 72) for detecting light scattered due to a presence of particles in the laser 
beam curtain (LBC) between said concave and convex reflectors, whereby the presence of particles can 
be detected with a high probability and a high sensitivity. 

2. An optoelectrical particle detection apparatus according to claim 1 , wherein the laser beam (LB) is emitted 
from said reflection space at a side opposite to the side from which the laser beam is introduced into said 
reflection space. 

3. An optoelectrical particle detection apparatus according to claim 1 , wherein the laser beam (LB) is emitted 
from said reflection space at the same side from which the laser beam is introduced into said reflection 
space. 

4. An optoelectrical particle detection apparatus according to claim 1 , 2 or 3, wherein said laser source (47) 
comprises a semiconductor laser device so that an interference of the overlapped multi-reflected beam 
segments is eliminated, and wherein a relatively narrow band of said laser beam curtain (LBC), a light 
intensity of which is relatively uniform, is selected as a detection zone, whereby not only the presence of 
particles is able to be detected, but also the size of the detected particles is able to be measured. 

5. An optoelectrical particle detection apparatus according to any preceding claim, wherein said detection 
means (72) includes an optical filter (92) by which noise is eliminated from the light detected by said de- 
tection means. 

6. A vacuum chamber (1 02) for a thin-film forming process, including an optoelectrical particle detection ap- 
paratus according to any preceding claim for detecting floating particles in the vacuum chamber, an as- 
sembly (42) of said concave and convex reflectors and said laser source being disposed within said va- 
cuum chamber and being housed in a housing (28) in such a manner that said laser beam curtain (LBC) 
is exposed to the exterior of said housing (28), an inert gas being introduced into said housing, whereby 
pollution of said concave and convex reflectors by particles generated during said thin-film forming proc- 
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ess is prevented. 

7. A vacuum chamber according to claim 6, wherein said detection means (72) includes an optical filter (92) 
by which light generated during said thin -film forming process is eliminated from the lightdetected by said 

5 detection means. 

8. A vacuum chamber according to claim 6, wherein said detection means includes a light detector (72) dis- 
posed outside said vacuum chamber (1 02), and a bundle of optical fibers (82) accessed to said laser beam 
curtain (LBC) through a wall defining said vacuum chamber to transmit the scattered light received thereby 
to said light detector. 

9. A vacuum chamber according to claim 8, wherein said bundle (82) of optical fibers is covered by a tube 
sealingly passed through the wall of said vacuum chamber. 

10. An optoelectrical particle detection apparatus comprising:- 
concave and convex reflectors (10', 12') having concave and convex reflecting surfaces, respec- 
tively, and spaced from each other by a predetermined distance (S) to form a reflection space therebetw- 
een, the reflecting surface of said concave reflector (10') having a spherical concave reflecting surface 
zone (20) and a plane reflecting surface zone (22) smoothly continuing therefrom, the reflecting surface 
of said convex reflector (12') having a spherical convex reflecting surface zone (24) and a plane reflecting 
surface zone (26) smoothly continuing therefrom; 

a laser source (47) for emitting a laser beam (LB) and introducing the laser beam into said reflection 
space through the spherical concave and convex reflecting surface zones of said concave and convex 
reflectors to be multi-reflected to form a laser beam curtain (LBC) therebetween; 

said concave and convex reflectors and said laser source being arranged so that a pitch of the laser 
beam segments multiref lected to form the laser beam curtain between the spherical concave and convex 
reflecting surface zones of said concave and convex reflectors (1 0', 1 2') becomes very close, and so that 
the very close pitch of the laser beam segments multi-reflected to form the laser beam curtain between 
the plane reflecting surface zones of said concave and convex reflectors is uniformly maintained, whereby 
the laser beam curtain (LBC) formed by the laser beam segments multi-reflected between the plane re- 
flecting surface zones of said concave and convex reflectors (10', 12) has a substantially uniform dis- 
tribution of light intensity; 

adjustment means (52, 58, 62, 66) for adjusting a relative position between said concave and con- 
vex reflectors (10', 12) in two directions perpendicular to each other and to a common optical axis (OA) 
of said concave and convex reflectors, whereby the arrangement of said concave and convex reflectors 
(10\ 12') and said laser source for obtaining the required laser beam curtain can be easily made without 
an angular adjustment of said concave and convex reflectors; and 

detection means (72) for detecting light scattered due to a presence of particles in the portion of 
said laser beam curtain (LBC) between the plane reflecting surface zones of said concave and convex 
reflectors (10', 12'), whereby not only can the presence of particles be detected, but also the size of the 
detected particles can be measured. 

11. An optoelectrical particle detection apparatus according to claim 10, wherein said detection means (72) 
includes an optical filter (92) by which noise is eliminated from the light detected by said detection means. 

45 12. A vacuum chamber (1 02) for a thin-film forming process, including an optoelectrical particle detection ap- 
paratus according to claim 10 for detecting floating particles in the vacuum chamber, an assembly (42) 
of said concave and convex reflectors and said laser source being disposed within said vacuum chamber 
and being housed in a housing (28) in such a manner that said laser beam curtain (LBC) is exposed to 
the exterior of said housing (28), an inert gas being introduced into said housing, whereby pollution of 

50 said concave and convex reflectors (10\ 12') by particles generated during said thin-film forming process 

is prevented. 

13. A vacuum chamber according to claim 12, wherein said detection means (72) includes an optical filter 
(92) by which light generated during said thin-film forming process is eliminated from the light detected 

55 by said detection means. 

14. A vacuum chamber according to claim 12, wherein said detection means (72) includes a light detector dis- 
posed outside said vacuum chamber, and a bundle (82) of optical fibers accessed to said laser beam cur- 
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tain (LBC) through a wall defining said vacuum chamber (102) to transmit the scattered light received 
thereby to said light detector. 

15. A vacuum chamber according to claim 14, wherein said bundle (82) of optical fibers is covered by a tube 
sealingly passed through the wall of said vacuum chamber. 

16. Avacuum chamberfor a thin-film forming process, including an optoelectrical particle detection apparatus 
according to any of claims 1 to 5, 10 or 11, for detecting floating particles in the vacuum chamber, an as- 
sembly (42) of said concave and convex reflectors (10, 12; M 1f M 2 ; 68, 70; 10', 12') and said laser source 
being disposed within said vacuum chamber, wherein said detection means (72) is associated with a con- 
trol means for controlling said thin-film forming process so that generation of particles is avoided. 

17. Avacuum chamber according to claim 16, arranged to carry out a sputtering process as said thin-film 
forming process, said assembly (42) being housed in a housing (28) in such a manner that said laser beam 
curtain (LBC) is exposed to the exterior of said housing (28), an inert gas being introduced into said hous- 
ing, whereby pollution of said concave and convex reflectors by particles generated during said sputtering 
process is prevented. 

18. An optoelectrical particle detection apparatus according to claim 1 , wherein said laser source is arranged 
such that the laser beam (LB) emitted therefrom is introduced from an open side of said reflection space, 
and said concave and convex reflectors (10, 12) are arranged such that the introduced laser beam is first 
moved toward the common optical axis (OA) of said concave and convex reflectors (10, 12; M 1( M 2 ; 68, 
70), and is then returned to the open side of said reflection space to be emitted therefrom. 



Patentanspruche 

1. Optoelektrische Teilchendetektionsvorrichtung, mit 

konkaven und konvexen Reflektoren (10, 12; M 1( M 2 ; 68, 70), die eine konkave bzw. eine konvexe 
ReflexionsflSche aufweisen, und in einer vorherbestimmten Distanz (s) voneinander vorliegen, urn da- 
zwischen einen Reflexionsraum zu bilden; 

einer Laserquelle (47) zum Emittieren eines Laserstrahls (LB) und Einf uhren des Laserstrahls von 
einer Seite des genannten Reflexionsraums in denselben, urn mehrfach reflektiert zu werden, urn einen 
Laserstrahlvorhang (LBC) zwischen dem genannten konkaven und dem konvexen Ref lektor zu bilden; 

wobei der genannte konkave und der konvexe Reflektor und die genannte Laserquelle derart an- 
geordnet sind, daB ein Abstand der Laserstrahlsegmente, die im genannten Reflexionsraum mehrfach 
reflektiert werden, urn den Laservorhang zwischen dem genannten konkaven und dem konvexen Reflek- 
tor zu bilden, auf eine derartige Weise sehr eng wird, daS die mehrfach ref lektierten Strahlsegmente ein- 
ander uberlappen, urn eine Lichtintensitat davon zu verstarken; 

Einstellungseinrichtungen (52, 58, 62, 66) zum Einstellen einer relativen Position zwischen dem 
genannten konkaven und dem konvexen Reflektor in zwei Richtungen senkrecht zueinander und zu einer 
gemeinsamen optischen Achse (OA) des genannten konkaven und des konvexen Reflektors, wodurch 
die Anordnung des genannten konkaven und des konvexen Reflektors und der genannten Laserquelle 
zum Erhalten des erforderlichen Laserstrahlvor hangs ohne Winkeleinstellung des genannten konkaven 
und des konvexen Reflektors leicht bewirkt werden kann; und 

einer Detektionseinrichtung (OF, 72) zum Detektieren von Licht, das auf Grund des Vorliegens von 
Teilchen im Laserstrahlvorhang (LBC) zwischen dem genannten konkaven und dem konvexen Reflektor 
gestreut wird, wodurch das Vorliegen von Teilchen mit hoher Wahrscheinlichkeit und hoher Empf indlich- 
kert detektiert werden kann. 

2. Optoelektrische Teilchendetektionsvorrichtung nach Anspruch 1, bel welcher der Laserstrahl (LB) aus 
dem genannten Reflexionsraum an einer Seite, die der Seite gegenuberliegt, von der der Laserstrahl in 
den genannten Reflexionsraum eingefuhrt wird, emittiert wird. 

3. Optoelektrische Teilchendetektionsvorrichtung nach Anspruch 1, bei welcher der Laserstrahl (LB) aus 
dem genannten Reflexionsraum an der gleichen Seite, von der der Laserstrahl in den genannten Refle- 
xionsraum eingefuhrt wird, emittiert wird. 

4. Optoelektrische Teilchendetektionsvorrichtung nach Anspruch 1 , 2 Oder 3, bei welcher die genannte La- 
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serquelie (47) eine Halbleiter-Laseranordnung umfa&t, so daB eine Interferenz der uberlappenden mehr- 
fach reflektierten Strahlsegmente eliminiert wird, und bei welcher ein relativ schmales Band des genann- 
ten Laserstrahlvorhangs (LBC), dessen Lichtintensitat relativ gleichmaBig ist, als eine Detektionszone 
ausgewahlt wird, wodurch nicht nurdasVorliegenvonTeilchen detektiertwerden kann, sondern auch die 
5 GrfJBe der detektierten Teilchen gemessen werden kann. 

5. Optoelektrische Teilchendetektionsvorrichtung nach einem der vorhergehenden Anspruche, bei welcher 
die genannte Detektionseinrichtung (72) ein optisches Filter (92), durch das ein Rauschen aus dem durch 
die genannte Detektionseinrichtung detektierten Ucht eliminiert wird, enthfilt. 

10 

6. Vakuumkammer (102) fur ein Verfahren zur Bildung dunner Schichten, welche eine optoelektrische Teil- 
chendetektionsvorrichtung nach einem der vorhergehenden Anspruche zum Detektieren schwebender 
Teilchen In der Vakuumkammer enthfilt, wobei eine Anordnung (42) des genannten konkaven und des kon- 
vexen Reflektors und der genannten Laserquelle innerhalb der genannten Vakuumkammer angeordnet 

1S und in einem Gehause (28) derart aufgenommen ist, daB der genannte Laserstrahlvor hang (LBC) der Au- 

Benseite des genannten Gehduses (28) ausgesetzt ist, wobei ein Inertgas in das genannte Gehause ein- 
gebracht wird, wodurch eine Verunreinigung des genannten konkaven und des konvexen Reflektors durch 
w§hrend des genannten Verfahrens zur Bildung dunner Schichten erzeugte Teilchen verhindert wird. 

x 7. Vakuumkammer nach Anspruch 6, bei welcher die genannte Detektionseinrichtung (72) ein optisches Fil- 
ter (92), durch das wfihrend des genannten Verfahrens zur Bildung dunner Schichten erzeugtes Licht aus 
dem durch die genannte Detektionseinrichtung detektierten Licht eliminiert wird, enthalt. 

8. Vakuumkammer nach Anspruch 6, bei welcher die genannte Detektionseinrichtung einen Lichtdetektor 
(72), der auBerhalb der genannten Vakuumkammer (102) angeordnet ist, und ein Bundel optischer Fasern 

25 (82), das zum genannten Laserstrahlvorhang (LBC) durch eine die genannte Vakuumkammer def inieren- 

de Wand gef uhrt wird, urn dadurch empfangenes gestreutes Licht zum genannten Lichtdetektor zu uber- 
tragen, enthaU 

9. Vakuumkammer nach Anspruch 8, bei welcher das genannte Bundel (82) optischer Fasern von einem 
30 Rohr, das abdichtend durch die Wand der genannten Vakuumkammer gef uhrt wird, bedeckt ist. 

10. 

Optoelektrische Teilchendetektionsvorrichtung, mit 

konkaven und konvexen Reflektoren (10', 12'), die eine konkave bzw. eine konvexe Reflexionsflache 

35 aufweisen, und in einer vorherbestimmten Distanz (s) voneinander vorliegen, um dazwischen einen Reflexi- 
onsraum zu bilden, wobei die Reflexionsflache des genannten konkaven Reflektors (1 0') eine spharische kon- 
kave Ref lexionsf lachenzone (20) und eine glatt von dieser verlaufende ebene Reflexionsflachenzone (22) auf- 
weist, und wobei die Reflexionsflache des genannten konvexen Reflektors (12 f ) eine spharische konvexe Re- 
flexionsflachenzone (24) und eine glatt von dieser verlaufende ebene Ref lexionsf lachenzone (26) aufweist; 

40 einer Laserquelle (47) zum Emittieren eines Laserstrahls (LB) und Einfuhren des Laserstrahls in den 

genannten Reflexionsraum durch die spharische konkave und die konvexe Reflexionsflachenzone des ge- 
nannten konkaven und des konvexen Reflektors, um mehrfach reflektiert zu werden, um einen Laserstrahl- 
vorhang (LBC) dazwischen zu bilden; 

wobei der genannte konkave und der konvexe Ref lektor und die genannte Laserquelle derart angeord- 

45 net sind, daB ein Abstand der Laserstrahlsegmente, die mehrfach reflektiert werden, um den Laservorhang 
zwischen der spharischen konkaven und der konvexen Reflexionsflachenzone des genannten konkaven und 
des konvexen Reflektors (1 0/, 1 2') zu bi Iden, sehr eng wird, und so daB der sehr enge Abstand der Laserstrahl- 
segmente, die mehrfach ref lektiert werden, um zwischen den ebenen Ref lexionsf lichenzonen des genannten 
konkaven und des konvexen Reflektors den Laserstrahlvorhang zu bilden, gleichmaBig auf rechterhalten wird, 

so wodurch der Laserstrahlvorhang (LBC), der durch die zwischen den ebenen Ref lexionsf lichenzonen des ge- 
nannten konkaven und des konvexen Reflektors (10', 120 mehrfach reflektierten Strahlsegmente gebildet 
wird, eine im wesentlichen gleichmiBige Verteilung der Lichtintensitat aufweist; 

Einstellungseinrichtungen (52, 58, 62, 66) zum Einstellen einer relativen Position zwischen dem ge- 
nannten konkaven und dem konvexen Ref lektor (10\ 12') in zwei Richtungen senkrecht zueinander und zu 

55 einer gemeinsamen optischen Achse (OA) des genannten konkaven und des konvexen Reflektors, wodurch 
die Anordnung des genannten konkaven und des konvexen Reflektors (10', 12') und der genannten Laserquel- 
le zum Erhalten des erforderiichen Laserstrahlvorhangs 
ohne Winkeleinstellung des genannten konkaven und des konvexen 
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Ref lektors leicht bewirkt warden kann; und 

einer Detektionseinrichtung (72) zum Detektieren von Ucht, das auf Grund des Vorliegens von Teil- 
chen in dem Tell des Laserstra hi vor hangs (LBC) zwischen den ebenen Reflexionsf l§chenzonen des ge- 
nannten konkaven und des konvexen Ref lektors (10', 12') gestreut wird, wodurch nicht nur das Vorliegen 
5 von Teilchen detektlert werden kann, sondern auch die Grdfte der detektierten Tellchen gemessen werden 

kann. 

11. Optoelektrische Teilchendetektlonsvorrichtung nach Anspruch 10, bei welcher die genannte Detektions- 
einrichtung (72) ein optisches Filter (92), durch das ein Rauschen aus dem durch die genannte Detekti- 

10 onseinrichtung detektierten Licht eliminiert wird, enthait. 

12. Vakuumkammer (102) fur ein Verfahren zur Bildung dunner Schichten, welche eine optoelektrische Teil- 
chendetektionsvorrichtung nach Anspruch 10 zum Detektieren schwebender Teilchen in der Vakuumkam- 
mer enthait, wobei eine Anordnung (42) des genannten konkaven und des konvexen Ref lektors und der 

15 genannten Laserqueiie innerhalb der genannten Vakuumkammer angeordnet und in einem Gehause (28) 

derart aufgenommen ist, daft der genannte Laserstrahlvorhang (LBC) der Auftenseite des genannten Ge- 
niuses (28) ausgesetzt ist, wobei ein Inertgas in das genannte Gehause eingebracht wird, wodurch eine 
Verunreinigung des genannten konkaven und des konvexen Reflektors (10', 12') durch wahrend des ge- 
nannten Verfahrens zur Bildung dunner Schichten erzeugte Teilchen verhindert wird. 

20 13. Vakuumkammer nach Anspruch 12, bei welcher die genannte Detektionseinrichtung (72) ein optisches 
Filter (92) enthait, durch das wahrend des genannten Verfahrens zur Bildung dunner Schichten erzeugtes 
Ucht aus dem durch die genannte Detektionseinrichtung detektierten Licht eliminiert wird. 

14. Vakuumkammer nach Anspruch 12, bei welcher die genannte Detektionseinrichtung (72) einen Lichtde- 
25 tektor, der aufterhalb der genannten Vakuumkammer angeordnet ist, und ein Bundel (82) optischer Fa- 

sern, das zum genannten Laserstrahlvorhang (LBC) durch eine die genannte Vakuumkammer (102) de- 
finierende Wand gefuhrt wird, urn das dadurch empfangene gestreute Licht zum genannten Lichtdetektor 
zu ubertragen. 

30 15. Vakuumkammer nach Anspruch 14, bei welcher das genannte Bundel (82) optischer Fasern von einem 
Rohr, das abdichtend durch die Wand der genannten Vakuumkammer gefuhrt wird, bedeckt ist. 

16. Vakuumkammer fur ein Verfahren zur Bildung dunner Schichten, welche eine optoelektrische Teilchen- 
detektionsvorrichtung nach einem der Anspruche 1 bis 5, 10 Oder 11 zum Detektieren schwebender Teil- 

35 chen in der Vakuumkammer enthait, wobei eine Anordnung (42) des genannten konkaven und des kon- 

vexen Reflektors (10, 12; M 1f M 2 ; 68, 70; 10', 12') und der genannten Laserqueiie innerhalb der genannten 
Vakuumkammer angeordnet ist, und in der die genannte Detektionseinrichtung (72) einer Steuereinrich- 
tung zum Steuern des genannten Verfahrens zur Bildung dunner Schichten zugeordnet ist, so daft die 
Erzeugung von Teilchen vermieden wird. 

40 

17. Vakuumkammer nach Anspruch 16, die eingerichtet ist, urn ein Sputter- Verfahren als genanntes Verfah- 
ren zur Bildung dunner Schichten durchzufuhren, welche Anordnung (42) in einem Gehause (28) derart 
aufgenommen ist, daft der genannte Laserstrahlvorhang (LBC) der Auftenseite des genannten Geniuses 
(28) ausgesetzt ist, wobei ein Inertgas in das genannte GehSuse eingebracht wird, wodurch eine Verun- 

45 reinigung des genannten konkaven und des konvexen Reflektors durch wdhrend des genannten Sputter- 

Verfahrens erzeugte Teilchen verhindert wird. 

18. Optoelektrische Teilchendetektionsvorrichtung nach Anspruch 1, bei welcher die genannte Laserqueiie 
derart angeordnet ist, daft der davon emittierte Laserstrahl (LB) von einer offenen Seite des genannten 

50 Refiexionsraums eingefuhrt wird, und der genannte konkave und der konvexe Reflektor (10, 12) derart 

angeordnet sind, daft der eingef uhrte Laserstrahl zuerst zur gemeinsamen optischen Achse (OA) des ge- 
nannten konkaven und des konvexen Reflektors (10, 12; M 1( M 2 ; 68, 70) bewegt wird, und dann zur of- 
fenen Seite des genannten Refiexionsraums zuruckgefOhrt wird, urn daraus emittiert zu werden. 

55 

Revendlcatlons 

1. Un appareii de detection optoeiectrique de particules comprenant : 



21 



EP 0 321 265 B1 



des reTlecteurs concave et convexe (10, 12 ; M 1f M 2 ; 68, 70) ayant respectivement des surfaces 
ref lechissantes concave et convexe, et mutuellement espaces d'une distance predetermined (S) pour for- 
mer un espace de reflexion entre eux ; 

une source laser (47) pour emettre un faisceau laser (LB) et pour introduire le falsceau laser dans 
I'espace de reflexion, a partlr d'un c6te de ce dernier, de facon que le falsceau subisse de multiples re- 
flexions pour former un rideau de faisceaux lasers (LBC) entre les r6flecteurs concave et convexe ; 

ces r6flecteurs concave et convexe et la source laser 6tant disposes de maniere que le pas des 
segments de faisceau laser qui subissent des reflexions multiples dans I'espace de reflexion pour former 
le rideau de faisceaux lasers entre les r6f lecteurs concave et convexe, devienne tres faible, d'une maniere 
telle que les segments de faisceau subissant des reflexions multiples soient en chevauchement mutuel, 
pour renforcer leur intensity lumineuse ; 

des moyens de reglage (52, 58, 62, 66) pour regler la position relative entre les reflecteurs concave 
et convexe dans deux directions perpend iculaires entre elles et perpendiculaires a un axe optique 
commun (OA) des r6flecteurs concave et convexe, grfice a quoi la disposition des r6flecteurs concave 
et convexe et de la source laser pour obtenir le rideau de faisceaux lasers exig6 peut Stre obtenue ais6- 
ment sans un nSglage angulaire des reflecteurs concave et convexe ; et 

des moyens de detection (OF, 72) pour detecter la lumiere qui est diff usee du fait d'une presence 
de particules dans le rideau de faisceaux lasers (LBC) entre les reflecteurs concave et convexe, grace 
a quoi la presence de particules peut Stre detected avec une probabilita 6 levee et une sensibility 6levee. 

Un appareil de detection optoelectrique de particules selon la revendication 1, dans lequel le faisceau 
laser (LB) est 6mis a partir de I'espace de reflexion, d'un cot6 oppos6 au cdte par lequel le faisceau laser 
est introduit dans I'espace de reflexion. 

Un appareil de detection optoelectrique de particules selon la revendication 1, dans lequel le faisceau 
laser (LB) est emis a partir de I'espace de reflexion du c6te par lequel le faisceau laser est introduit dans 
I'espace de reflexion. 

Un appareil de detection optoelectrique de particules selon la revendication 1 , 2 ou 3, dans lequel la sour- 
ce laser (47) comprend un dispositif laser a semiconducteurs, de facon a etiminer des interferences des 
segments de faisceau en chevauchement subissant des reflexions multiples, et dans lequel une bande 
relativement etroite du rideau de faisceaux lasers (LBC), dont I'intensita lumineuse est relativement uni- 
forme, est setectionnee a tit re de zone de detection, grfice fi quoi outre le fait que Ton peut detecter la 
presence de particules, on peut 6galement mesurer la taille des particules detectaes. 

Un appareil de detection opto6lectrique de particules selon Tune quelconque des revendications prece- 
dentes, dans lequel les moyens de detection (72) comprennent un filtre optique (92) au moyen duquel 
du bruit est etiminS de la lumiere qui est detectee par les moyens de detection. 

Une chambre a vide (102) pour un processus de formation de couches minces, comprenant un appareil 
de detection optoelectrique de particules selon I'une quelconque des revendications prec6dentes, pour 
detecter des particules flottantes dans fa chambre a vide, un assemblage (42) des reflecteurs concave 
et convexe et de la source laser etant dispos6 a I'inteneur de cette chambre a vide et 6tant loge dans une 
enceinte (28), d'une maniere telle que le rideau de faisceaux lasers (LBC) soitexpos6 a I'ext6rieur de l*en- 
ceinte (28), un gaz inerte 6tant introduit dans I'enceinte, grfice a quoi on peut 6viter une pollution des r6- 
f lecteurs concave et convexe par des particules qui sont produites pendant le processus de formation de 
couches minces. 

Une chambre a vide selon la revendication 6, dans laquelle les moyens de d6tection (72) comprennent 
un filtre optique (92) par Taction duquel la lumiere qui est produite pendant le processus de formation de 
couches minces est 6limin6e de la lumiere qui est d6tect6e par les moyens de d6tection. 

Une chambre & vide selon la revendication 6, dans laquelle les moyens de d6tection comprennent un d6- 
tecteur de lumiere (72) qui est dispos6 a I'exterieur de fa chambre a vide (102), et un faisceau de fibres 
optiques (82) qui a acces au rideau de faisceaux lasers (LBC) a travers une paroi def inissant la chambre 
£ vide, pour transmettre vers le d6tecteur de lumiere la lumiere diff us£e qu'il recoit alnsi. 

Une chambre a vide selon la revendication 8, dans laquelle le faisceau (82) de fibres optiques est entoure 
par un tube qui traverse herm6tiquement la paroi de la chambre a vide. 
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10. 

Un appareil de detection optoeiectrique de particules comprenant : 

des refiecteurs concave etconvexe (10', 12') ayantrespectivement des surfaces ref lechissantes conca- 
ve et convexe, et mutuellement espac6s d'une distance pr6d6termin6e (S) pour former un espace de reflexion 

5 entre eux, la surface r6f lechissante du reflecteur concave (10') ayant une zone de surface r6f lechissante 
concave spherique (20) et une zone de surface nMlechissante plane (22) qui prolonge la zone spherique en 
se raccordant progressivement a celle-ci, la surface ref lechissante du reflecteur convexe (12') ayant une zone 
de surface ref!6chissante convexe spherique (24) et une zone de surface ref lechissante plane (26) qui pro- 
longe la zone spherique en se raccordant progressivement a celle-ci ; 

10 une source laser (47) pour emettre un faisceau laser (LB) et pour introduire le faisceau laser dans I'es- 

pace de reflexion entre les zones de surface r6f lechissantes concave et convexe spheriques de refiecteurs 
concave et convexe, pour subir des reflexions multiples de fagon a former un rideau de faisceaux lasers (LBC) 
entre eux ; 

les refiecteurs concave et convexe et la source laser etant disposes de maniere que le pas des seg- 
15 ments de faisceau laser subissant des reflexions multiples pour former le rideau de faisceaux lasers entre les 
zones de surface ref lechissantes concave et convexe spheriques des refiecteurs concave et convexe (10', 
12') devienne tres faible, et de maniere que le pas tres faible des segments de faisceau laser ayant subi des 
reflexions multiples pour former le rideau de faisceaux lasers entre les zones de surface r6f lechissantes planes 
des refiecteurs concave et convexe soit maintenu de fagon uniforme, grace a quoi le rideau de faisceaux lasers 
20 (LBC) qui est form6 par les segments de faisceaux lasers subissant des reflexions multiples entre les zones 
de surface r6f lechissantes planes des refiecteurs concave et convexe (1 0', 1 2') a une distribution pratiquement 
uniforme d'intensite lumineuse ; 

des moyens de reglage (52, 58, 62, 66) pour regler la position relative entre les refiecteurs concave et 
convexe (10', 12') dans deux directions perpendiculaires entre elies et perpendiculaires a un axe optique 
25 commun (OA) des refiecteurs concave et convexe, grace a quoi la disposition des refiecteurs concave et 
convexe (10', 

120 et de la source laser pour obtenir le rideau de faisceaux 

lasers exige peut etre etablie aisement sans un 
reglage angulaire des refiecteurs concave et convexe ; et 
30 des moyens de detection (72) pour detecter la lumiere dif f us6e qui est due a une presence de par- 

ticules dans la partie du rideau de faisceaux lasers (LBC) se trouvant entre les zones de surfaces r6f le- 
chissantes planes des refiecteurs concave et convexe (10', 12'), grace a quoi outre le fait que Ton peut 
detecter la presence de particules, on peut egalement mesurer fa taille des particules detectees. 

35 11. Un appareil de detection opto6lectrique de particules selon la revendication 10, dans lequel les moyens 
de detection (72) comprennent un f litre optique (92) qui eiimine du bruit dans la lumiere qui est d6tect6e 
par les moyens de detection. 

12. Une chambre a vide (102) pour un processus de formation de couches minces, comprenant un appareil 
40 de detection optoeiectrique de particules selon la revendication 10, pour detecter des particules f lot tantes 

dans la chambre a vide, un assemblage (42) des refiecteurs concave et convexe et de la source laser 
etant dispose a I'interieur de la chambre a vide et etant loge dans une enceinte (28), d'une maniere telle 
que le rideau de faisceaux lasers (LBC) soit expose a I'exterieur de ('enceinte (28), un gaz inerte etant 
introduit dans I'enceinte, grace a quoi on 6vite la pollution des refiecteurs concave et convexe (10', 12') 
45 par des particules qui sont produces pendant le processus de formation de couches minces. 

13. Une chambre a vide selon la revendication 12, dans laquelle les moyens de detection (72) comprennent 
un f iltre optique (92) par Taction duquel la lumiere qui est produite pendant le processus de formation de 
couches minces est 6limin6e de la lumiere qui est d£tect6e par les moyens de detection. 

50 

14. Une chambre a vide selon la revendication 12, dans laquelle les moyens de detection (72) comprennent 
un detecteur de lumiere dispose a I'exterieur de la chambre a vide, et un faisceau (82) de fibres optiques 
qui accede au rideau de faisceaux lasers (LBC) a travers une paroi d6finissant la chambre a vide (102), 
pour transmettre vers le detecteur de lumiere la lumiere diff usee qu'il regoit ainsi. 

55 15. Une chambre a vide selon la revendication 14, dans laquelle le faisceau (82) de fibres optiques est entoure 
par un tube qui traverse de fa$on hermetique la paroi de la chambre a vide. 

16. Une chambre a vide pour un processus de formation de couches minces, comprenant un appareil de de- 
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tection optoelectrique de particules selon I'une quelconque des revendications 1 a 5, 10 ou 11, pour de- 
tecter des particules flottantes dans la chambre a vide, un assemblage (42) des ref lecteurs concave et 
convexe (10, 12 ; M 1f M 2 ; 68, 70 ; 10', 12') et de la source laser etant dispose a I'lnterieur de la chambre 
a vide, dans laquelle les moyens de detection (72) sont associes a des moyens de commande pour 
5 commander le processus de formation de couches minces de facon a eviter la formation de particules. 

17. Une chambre a vide selon la revendication 16, concue pour accomplir un processus de pulverisation 
cathodique pour le processus de formation de couches minces, I'assemblage precite (42) etant loge dans 
une enceinte (28) d'une maniere telle que le rideau de falsceaux lasers (LBC) soit expose a I'exterieur de 

10 I'enceinte (28), un gaz inerte etant introdult dans I'enceinte, grace a quoi on evite la pollution des reflec- 

teurs concave et convexe par des particules qui sont produites pendant le processus de pulverisation 
cathodique. 

18. Un appareil de detection optoelectrique de particules selon la revendication 1, dans lequei la source laser 
15 est disposee de facon que le faisceau laser (LB) quelle emet soit introduit par un cdte ouvert de I'espace 

de reflexion, et les ref lecteurs concave et convexe (10, 12) sont disposes de facon que le faisceau laser 
introduit se propage initialement vers I'axe optique commun (OA) des ref lecteurs concave et convexe (10, 
12 ; M 1p M 2 ; 68, 70), et retourne ensuite vers le cdte ouvert de I'espace de reflexion, pour etre emis par 
ce cdte. 
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Fig. 3 A 
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Fig. 12 D 
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